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Explanation of the F r o n t i s p i e c j& 
of Vol. V. . 

WHat is Man ? Pfalm vîîi. David, a 
fitnple Shepherd, admires the Extent 
of the Rights granted to Man, and is employed, 
in the Silence of the Night, in finging the Au— 
thor of his Demefn. A fine Moon-fhine fhews, 
him the Marks thereof round him. The Bow 
and Arrow, which in the Day Time fearch a 
Prey for him in the Air, lay on the Grafs. À 
great Willow fupports and dries, on the Water 
Side, Nets jyhich. dratf out of it Part of his- 
Food. Thé Oxen, untëamed from the Plough, 
chew the Cud, or lie ftill, waiting for the Re- 
turn of the Sun, and their departing Order. 
His Dogs Hand Centry. His Sheep in the Fold" 
heat in part the Piece of Ground he. wants to. 
till ; and the Urfa Major, by its Pofition, indi- 
cates to him the Hour when he muft remove- 
them from one Fold into another. The whole 
Earth countenances his Willi and Heaven itfelf; 
rolls for his Service. 
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WHEN a great Monarch entertains his Court 
with fome magnificent Sye&acle, or his Peo- 
ple with a public Rejoicing, 'tis a Pleafare 
fometimes to take a View of the Speftators 
themfelves, who ar^ not the fmalleft Ornament of the 
Pomp. Our Attention having been efficiently employed 
on the awefnl Scene of Nature, and the great Defigns of 
him to whom we are indebted for fo noble a Profpect ; let 
us now, Sir, fix our Eyes on Man, whom we fee fo ho- 
nourably invited to it, and who is the only Spectator ca- 
pable of difcerning the Sumptuoufnefs of the Decorations, 
and the Beauty of the whole Difpofal. ' 

But, let us hot extenuate the Favour we have received, 
by looking upon if only as a traniitory Amufement : Not 
to acknowledge here our real Prerogatives, would be ei- 
ther falfe Modefty, or downright Ingratitude. Nature is 
not a glorious Spectacle only, or the Joy of a Day : It is 
a beautiful Domain, with which Man is inverted for a Se- 
ries of Years. He enjoys the Brightnefs of the Stars*, and 
the Regularity of the Heavens : He is pofTeffed of the 
Treafures of theEarth and all its Productions. God feems 
to have given him even a higher Station, than that of 
being a bare Spectator of his Works, or even a mere Te- 
nant of them'. He has fubmitted them not only to his 
Ufe, but to Jiis Government. The Globe he inhabits h 
Vol.V. B covered 
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covered with the Productions of his Induftry âiid the Works 
of his Hands : The Improvement of the whole Earth is 
in Reality the Work of his Hands. 

But, has he not Prerogatives ftill fuperior to all thefe ? 
Let us not flatter or corrupt him by prefumptuofly be- 
llowing on him thofe Attributes which he has no Title to. 
The Study of Man, and the Knowledge of his Privileges, 
are indeed worthy of us, but let us then afcertain them by 
the mod authentic Records. 

If he is no Ufurper, if he difpofes of all Things, be- * 
caufe all have been fubmitted to him, it is plain, that the 
Study of his Privileges is but the Knowledge of our own 
Duty here. Could we then conclude our Enquiries into 
Nature, by making Choice of a more noble, or more in- 
terefting Subjccl ? 

But on the other Hand, the Study of Man is of immenfe 
Extent. The bare Diforders of his Heart fill whole Li- 
braries. We muft necenarily therefore, where the Matter 
is fo fruitful, prefcribe to ourielves fome Bounds. 

Whenever the moll celebrated Writers have drawn us 
the Portrait of Man, they have wifely turned all their' 
Thoughts on his Manners, from a Perfuafion that they 
muft firft * reclaim him from Error, in Order to lead him 
to Wifdom. They have painted him with all his Vices, 
and reprefented him fuch as he is become by the Unruli- 
nefs of his Délires. In this they have done him the moil: 
important Service. It is neceflary to fhew him his Faults, 
that he may blufh at the Sight of them, and to make him 
fenfible, of the Depth of his Mifery, that he may defire to 
extricate himfelf out of it. But the Succefs with which 
thofe fkilful Painters have difcovered or expofed his Weak- 
nefs, and fet before him the Difguifes of his Self-love, 
will dilpenfe with our taking up this Subject after them. 
It has been frequently enough placed in the ftrongeft Light 
by the Heathens themfelves, who have treated copiouily 
on the Mifery and Depravity of Man. 

It will be of farther Service to him, to make him fen- 
fible of his true Greatnefs* He may, without flattering 
his Pride, be apprifed of his lawful Advantages : And far 
from running any Danger, by unfolding to him the Titles 

* Sapientia prima eft 
Stultitia caruifle. H<rat t 

Of 



[3]. ' 

of his Nobility, he will thence learn, without Precept or 
formal Leflbns, the Knowledge of his Obligations, or at • 
leafl the wholefome Advice of getting an Infight kito 
them. 

Such is the Light in which we are now going to confi- 
der Man. We fhaU, defignedly, forbear fearching into 
and cenfuring afrefh his Imperfections. By feparating the 
Work of Sin from the Work of the Creator, we fhall fur- 
vey Man as he came from the Hands of God : Or if we 
do not undertake to fet him forth with that Brightnefs 
and Beauty he enjoyed in the Days of his Innocence ; we 
hope at lead, that, at the fame time we turn our Eyes from 
his Defects, we fhall bring him to draw a Companion 
himfelf between his prefent Deformity and the precious 
Remains he ftill retains of his firft Original, and toinfonn 
himfelf of the Means God has prepared for him of procuring 
his own Reftoration. The Touches and Strokes imprint- 
ed on him by Divine Wifdom may indeed be altered, but 
not effaced; and it is his Happinefs to be fenfible of them. 

Man cannot be ignorant that he enjoys the Productions 
ef Nature, and that he is capable of giving Glory to the 
Author of them. He is actually placed between God and 
his Creatures. Every thing uponEarth pays Obedience to 
Man ; but Man to God. By appointing him Malbr and 
Governor of all, God has a Claim to his Adorati n and 
Gratitude. To this twofold Quality therefore of Governor 
and Adorer, I fhall refer whatever can be faid of Man ; 
and purfue fome Method which may help to fix our Ideas. 
Let us begin, by examining what Man <rbe Subjea- 
is in himfelf, for what he is vîfibly a'p- matter of the 
pointed, in what his Excellency confifts, v - y ° l - 
and what he is capable of. ^^Sàt** 

From this entertaining Purfuit, we will ^ Suii?a- 
follow him through his feveral Relations, matter of i be n, 
and Dependencies on his Fellow creatures, andviL y»à. 
that fo we may fee him concur with them 
in improving the whole Extent of his Pof- M an a flbciatcd # 
feffions. Man thus confidered, either in with his Fel- ' 
himfelf or in Society, will equally afford low-creature». 
us Proofs of the Government for which 
God has defiened him. This indeed was his Vocation 

» 2 But, 
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mattera f tb(VUl. roll greater, why mould we make this the 

andiafiVol. Bounds of his Glory ? We mail fee him 

Man aflbci- enter into a Correspondence and Society 

ated with God. with ç od himfett 

This, my Dear Friend, opens a new Scene, and one 
far more interefting than the foregoing. We are ourfelves 
concerned in it, as it takes in no lefs than all our Privi- 
leges and all our Hopes. But thefe Objects, fo truly fit to 
affect a rational Mind, will have here the additional Ad- 
vantage of not afflicting us with the Uncertainty of Dis- 
putes. We mail throughout drop all controverted Opini- 
ons, and keep conflantly to the never-failing Advantages 
refulting from Experience. This Method of Procedure is 
above all things neceflary in Matters of Religion. Reve- 
lation is the Work of the perfect Free will of God, who 
might have faved us by means quite different from thofe 
he has made Choice of. It is a Series of Facts, which 
Reafon cannot find cut of itfelf, and which it can never 
learn without the Afiiftance of external Tëftimony. 

Although Faith be the Work of Grace in us, yet that 
Crrace determines us to believe very rationally, and in 
Conformity to the Nature of Man, from fenfible Motives, 
by Teftimonies ever fubfifting, by an immortal Embaffy, 
which has been kept up with us for thefe feventeen Cen- 
turies, and which carries with it the obvious Proofs of a 
divine Legation. God is the Author and the Finifher of 
our Faith; But, whenever, for our own Comfort, or for 
the Confirmation offtaggering Minds, we mall confider 
how far the Teftimonies of Truth are credible, or how 
much the Unbeliever, who rejects them, is inexcufable ; 
we (hall find that it is not properly in Reafon, but among 
Men that the Monuments, the Teftimonies, the uninter- 
rupted Legation, and the convincing Proofs of the Work 
of our Salvation are to be met with. If then I am ab'e, 
as I hope I fhall be, to convince you of the reality of the 
Records and Witnefies by fetting them before you, what 
will become of the Arguments of incredulity ? They 
are no more fit to be read or liftened to than idle 
Dreams. When we are fhew'd by Handing Monuments, 
and deciiive Attentions, that God has done a Thing» 
what does it fignify to us, that there are Men who fay 
He ought not to have done it? THE 
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BOOK the First. 
Man considered in bimfelfi 



DIALOGUE I. 

The Dejtinatkm cf Mm on the Earth. 



THE Hiflorian of the Works of God is not con- 
tented with raftrttcting us precifely how each par- 
ticular Being was created* not by Motion, which 
can orgànife nothing ; but, by the expreis Will and Com*- 
mand of the Almighty» which alone can give every indi- 
vidual Being its particular Stru&ure, and convey Harmo- 
ny thro' the whole : He teaches us farther the Ufe we 
are to make of Nature : He difpofes us to direct our Stu- 
dies and Allions agreeably to the Intentions of Providence, 
by ihewing us the univerfal Defign God had in View 
in the (Economy of our Abode, 1 mean' the Globe we 
now inhabit. The whole Purport of his Recital is to in* 
form us of the twofold Deftgn of God towards Man, 
which is to exercife him by Labour; and to perfect him by 
Religion. 

After the celeftial Orbs, and this our Earth were cre- 
ated ; after the light was made, and the Waters of the 

B 3 Ocean 
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Ocean feparated from thofe which, by being volatilized, 
were carried far round the Globe ; after the Creation of 
the Plants and Animals of all Kinds ; the World appeared 
.fo magnificently adorned, that it might hare been thought 
complete. But this Abode was fhil imperfcÔ, becaufe 
the Inhabitant, who was to take PofTeffion of it, was nqt 
as yet introduced. 

The whole ftock of Riches inclofed in the Globe, re- 
mained in its Bofom altogether unknown and ufelefs. It 
was the fame, with an infinite Number of excellent Pro- 
ductions, which the Aniir.als either could not obtain, or 
expreffed the utmoft Indifference for. . Not only all thefe 
Preparations were fuperfluous for want of an Inhabitant 
that knew or was willing to make ufe of them, but all 
Nature was befults dtilitute of Sentiment and Gratitude. 
The Animals, which feem'd now to be the only Beings 
capable of fome kind of Diicernment, difiinguiÛYd their 
retpe&ive Foods, without knowing the Hand that dif- 
p en fed them ; and the Author cf lo many Bounties was 
ftill neither praifed nor thank'd. The World was in a 
State of Imperfection, becaufe there was no Government 
by which the feveral Parts of it might be wrought, nor 
any Religion to give Glory to its Creator. 

Let us make Man in our Image, after our Liientjs, Jot J 
then the Lord, and let Man have Dcminicn over the Fijb of 
the Sea, and over the Fowl of the Air y and over the Cattle, 
and over all the Earth, and over every creeping Thing that 
creepeth upon the Earth*. The Earth, at laft, has got a 
Mailer, and he is the Image of the fupreme Being; as he 
is his Lieutenant there. 

This Truth, the Extent and Confequences of which we 
lliall now endeavour to explain, has been preferved among 
the Heathens themfelves. The Author of the Metamor- 
phofes, having brought the Creation of the World as far as 
that of the Hants and Animals, acknowledges that Nature 
flands in need of an Inhabitant capable of thé nobleft 
Sentiments, and of a more profound Understanding, and 
that a Mailer is dill wanting there f. 



* Gen. i. 26. 
■f San&'us in? animal, mentifquc capacius altae 
Deerat achuc, & quod «tomiûari in caetera poflet : 
Natus h.mo eft* Ovid, Metam, I* 
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Man confidtnd in him f elf. 7 . 7 

» Fiirfuaat to the Charter which Scripture has preferred, 
Man now. proves from Experience to be in Poffeflion of alh 
The Heavens are in reality fubfervient to us, and the - 
whole Earth is applied to our Ufe . If Ph i lofophy i s pleafed 
to conteft thefe our Prerogatives, we'll let her plead alone. 

God was not only willing to make Man the PofTeifor 
and Governor of what is upon the Earth, but his chief 
Deiign was alfo to make him an Adorer, and a Being ca- 
pable of knowing and honouring his Benefactor. All is 
thine, faid he to Adam. * Behold all the Trees of the Gar* 
den I have placed thee in.: Of every one of. them thou may eft 
freely eat ; only thou fiait forbear eating the. Fruit of fucb a 
Tree. 

This Referve, which Unbelievers have made fo man/ 
Complaints of, fanfrom impaveriûûng Man, does, in Re- 
ality, constitute his chief Glory. Doubtlefs it is a great 
Honour to him to fee himfelf appointed Matter over every 
Thing that is Lifelefs, and over every breathing Creature. 
All the Animals have already appeared before him. He 
has juft examined in particular their Inclinations, Ways, 
and Induflry. The new Infpector has given them all a 
proper Name, which is the juft Expreffion of their peculiar 
Character or Operations ; and whUil he fees all the living 
species confined to fome of the Productions of the Earth 
for their Food, or to one fingle Kind of Work for their 
Exercife, he finds himfelf provided with an Underftand- 
ing which judges of all, which applies every thing to his 
own Ufe, and as well as his Dominions embraces the Uni- 
verfality of the habitable Globe. Thefe Prerogatives are 
indeed very great and very flattering. But, here follows 
another that puts a ftiil greater. Diitance between Man, 
and the Animals. The Difcernment of the latter inclines 
them to feed themlelves, and either to avoid Man with 
Fear, or ferve him with Affection. If their Fear may 
fbmetimes be turned into Fiiry againft him ; it is becaufe 
they are Slaves fenfible of their own Strength, and tranf- 
ported with Paiïïon : But the Prudence of their Matter will 
foon know how to curb or prevent thefe Flights. How- 
ever, all their Proceedings are confined to the prefent. 
The Body is the fole Object of whatever they do. None 

*C7w. ii. 16, 17» 
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pf them know their Origin, or Benefactor. ^RSWHmo- 
ny of Gratitude : Not the leaft Shadow of ReS^bi^ytan 
alone was raifed fo far as to know to whom he i^fedebted 
for every thing; he alone was taught to exprefs "his Gra- 
titude for it. Sure, we (hall not make his Glory to con- 
flit in a beftial Ungodlinefs, and an irreligious Stupidity. 
We indeed acknowledge his peculiar Advantage of being 
appointed the Tenant of this Earth : But it is an infinitely 
greater and more honourable Prerogative in him, to be 
able to pieafe his Benefa&or, and adore the Hand which 
loads him with Bleffings. With regard to him whom God 
has appointed his Lieutenant on Earth, there is no Midiuxn 
between revolting through Self-emancipation, and acknow> 
ledging his Sovereign through Duty and Homage. 

Tbe fupreme Being flood in no need either of the Fruit 
ef a certain Tree, or the Sentiments of man. But *twa« 
fit the latter fhould make an exprefs Profeffion of his Gra- 
titude and Veneration. Therefore, that fole Exception 
which God made, in his endowing Man with fb exteniive 
a Power, was at once the Memorial of his Gratitude, and 
the public Expremoa of his Piety. 

We may ev en affirm, that if the Juftice of this Refèrvq 
is felf-evident, its indulgent Part is no Itfi confpkuous. 
It was far more advantageous to Man to be fubjeâed 'to, 
thandifcharged of this Acknowledgment of the Sovereign* 
ty of his Creator. S uch an Exemption would have brought 
him back to the Condition of the vileft Animals, and ex- 
poiêd him to the Rifk of becoming their Inferior through 
Pride, at Sight of his Riches and Prerogatives. But the 
Acknowledgment of his Subordination, that was fo very 
fit to put him in mind of, and make him keep to his Du* 
ty, could never be retrained to any Practice that was lefs 
confining, or to any more eafy Duty of Religion. Re- 
fp tel fully turning afide from the Tree forbidden to Man, 
was acknowledging, through the Privation of one indivi* 
dual Thing, that he enjoyed all Beings, though he had no 
Claim to any. It was publishing that he had a Mailer, 
though he ceafed not to be a Mallei himfelf. God made 
Immortality the Reward of fo eafy and juH a Religion, 
lut he at the fame Time forewarned Man, that the Mi- 
nute of his firft refufing the He mage, would forfeit his 
greateft Privileges, and give him over as well as the reft 

of 
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of the Creation to the generality of the Motions through 
which the Almighty changes and renews all Nature. 

If weafk the Philofbphers what the Deftination of the 
Earth and Man is ; they will fatisfy us with Doubts and 
Contradi&ions. But, let us but open the Book of Genefii, 
and it will inform us, that whatever is on the Earth was 
placed there for the Ufe of Man, and that he is born the 
PoiTeflb%thereof, on the bare Condition of publiftiing by 
one ii#gle Referve, that he is Gad's Tenant for the whole. 
Such is the fublime Philofbphy contained in the firft Pages 
of Scripture : A Philofophy which makes the original Seed 
of Religion to confift in Gratitude. 

But, on the other Hand, if this public Acknowledg- 
ment of the fupreme Authority, is the very firft Wcrfhip 
that was primitively required of Man, the Idea of it muir. 
needs have made a ftrong Impreifion on his Mind. This 
Teftimony of a Religion ought to have been tranfmitted 
from Adam down to the Nations that defended from him, 
and the Footûeps of it ought i!Ul to be met with every 
where. 

The Objection i& moil judicious. Let us then leave the 
IJiftory of the People of God, in order to confult on this 
Point the Ideas which all Nations have had of it. At all 
Times, and in all Places, Man, even when he miftook 
the Objeft of his Adoration, acknowledged his VaflaLige 
and Dependence on the Divine Nature through fome 
fpontaneous Abftinence, or the public Offering of fome 
particular Fruits, or other Productions of the Earth that 
were put in Referve in a ceremonial y and remarkable 
Manner. This Homage paid to the Sovereignty of a Be - 
ing who is the Owner of every thing, and daily fupplies 
the Wants of his Creatures by a perpetual Renewal of all, 
has every where been the fame, and always exprefTed by 
a public Confecration, though with fome Variety in the 
Manner of it. Sometimes it was made to confift in re- 
fbe&fully abandoning the firft Fruits of the Fields, or the 
nrft Spoils of the new planted Trees. Sometimes it con- 
filled inr confuming by Fire either the whole cr Part of 
ihe fatted Beafts of Herds and Flocks : Or in laying on a 
Table, publickly erected for that Purpofe, Bread, Wine,. 
Oil, Salt, or other Elements of Life, in order to leave the 
Uic of them to the Poor, or the Miniâers of Religion. 
B 5 v And 
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And although the public Prayer was generally followed 
by a common Repaft in Sign of fraternal Love ; there was 
always a diftincï Portion of their toods which the whole 
Congregation forbore touching. By this fpeaking Adlion, 
they all acknowledged and thanked the Author of Life, 
for all Foods, Bleflings and Favours. In fhort, the Ex- 
preffion of the Religion of all Ages, has from the Begin- 
ning been, as it ftill continues to be, a Profeflion of Gra- 
titude*. This public Homage ufed by Men of the firfl 
Ages, which all upright Hearts have found fo noble and 
reafonable, which in ihort was from its very firfl Original 
tranfmited to all Nations, even the mofl miilaken in heir 
Manners and religious Practices, is exactly what the Lord 
required of the firfl: Man. Thus the Heathens as well as 
the Hebrews, do by this firfl Ground of univerfal Ideas, 
equally point out to us the common Source from which 
they fprung, and jointly teflify the Truth of that primitive 
Worfhip which is the Bafis oi Revelation. 

* JLv%cLpiçlct, Eucharift, Thankfgiving. Ours is much mere than 
the Acknowledgment of being intitleJ to nothing j as it is an Aclion 
that gives it to understand that *e have Life oaly through him who was 
made a Victim for us* 
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DIALOGUE. II. 

S H OU'D we begin by converting on the Work of our 
Salvation, and the Hopes which Man is called to; the 
Whole of what he poffefTes on the Earth might afterwards 
appear to. us fo very inferior to what went before, that the 
Study of it would on that Account become dull and infi- 
pid. Let us then relèrve for the Matter of our laft Work» 
the Honour God has done to Man of accepting of his Ado- 
ration and Gratitude. Let us begin by the leaft of hi* 
Titles, even that of Governor and Maften 

It is the Property of Scripture to reprelènt the moft fu- 
blime and moft fruitful Truths with Simplicity, and alto— 
gether without Art ; becauie it belongs to none but the 
Author of our Bleffings himfelf to mention, them cooly, 
and without Admiration. The firft Inftru&ion it gives us* 
concerning the Superiority that was granted to Man, proves 
to be in that very Order in which God made his Works. 

He fir ft fixes an Habitation. He then prepares all the 
Luminaries the Inhabitant fhall ftand in need of. He 
diftributes through the whole feveral Kinds of Beauties and 
Conveniences, and aifigns to a great Number of Servants 
their refpe&ive Places and Functions; and ends at laft by 
introducing Man into it. This Order of Operations ha» 
nothing equivocal in it : And the Reft of the Lord, tha* 
is, the total Ceflation of any other Work after an intelliU 
gent Being has been placed on the Earth, fufficiently fhew* 
us that it was for him that the Inheritance and PoiTeifion 
of all Things had been referved. 

But the Scripture has not abandoned this important 

Truth to the Uncertainty. of our Arguments. It will not 

B 6 permit 
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permit that Man (herald lay a timorous Hand on the Riches 
with which his Abode is filled; bnt rather that he fhould 
nie them with the Security of a Mailer who knows his 
own Lordlhip and Privileges. It clearly informs as of the 
Intentions of the Creator, in teaching as that God has 
made Man in his own Image, becaoJe he had deftined 
him to command, govern, and order every Thing upon 
the Earth. 

The Heap of Definitions, Researches and Difiertations, 
which die Philosophers have coDeded together concerning 
Man, do not by mnch come up to the profound Meaning 
of thefe few Words : GêdcreaudMan ht bis own Image. It 
is rather a Word than a Difcourfe, made oie of to make us 
conceive what it is our utmoft Concern not to be ignorant 
of. It is bot a Word: bat all is included in that fingle 
Word. 

The Manner in which God executed his Deiigns in this 
the very laft of his Works, is a finilhing Stroke which 
compleatly fets eff the Excellence, and points out the pri- 
mitive DefHnation of it. God did not create Man out of 
Nothing with a fingle Word, as he had done the reft of 
the Animals. He ufèd a Mais of Earth to conftruâ the 
Organs of his Body. He made of it a fine Statue, which 
he fer a while left without Life and Underftanding, and 
perfectly uields. Sure, this could not be the Image of 
Cod, it could never be the Governor appointed to rule 
over the Earth. 

The Ram that bounds on the Grafs, and the Stag that 
ihoots over the Plain, are as yet more valuable than this 
motkmlefs Lump. Nay, it might even as well as they be 
endowed with Kefpiration and Life, and be ftill interior 
to them. They will almoft all of them overtake it in 
cunning. Naked and deftitute as it is of defenfive Wea- 
pons ; how will it avoid the Claws of the Eagle, the Jaws 
of the Lion, and the Trunk of the Elephant ? 

Every thing changes the inftantGod animates this Sta- 
tue, and endows it with the Gift of Reafon. What I ob- 
serve in all the Animals is a Principle of Induftry added 
to. the Body, butibleLy confined to the peculiar Wants of 
it, and extending no further than the uniforr. Exercife of 
a few Organs, without any Hopes of Change or Perfecti- 
on. It is not thus, with Man . He has juftreceived- Rea- 
fon; 
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ion; and this alone provides him with everything: It 
«takes him acknowledge no other Superiority but that of 
the Creator, and by Means of it he exerts a real Suprema- 
cy over the Earth, both within and without» which in- 
vites him alone to examine and make Trial of the Whole. 
Take him oat of it, and the reft are fo much Riches, 
thrown away. 

When one faya of a King» that all from one End to the 
other of his Dominions i&fubmitted to his Government, 
the Meaning is not that the People are dependent on him 
for the. taking of their Food, nor the Forefts for their 
Growth, nor the Beafts for the Multiplication of their 
Specie». Saying that all is fobje&ed to him, means that 
he may make Ufe of and convey Order through all. 
Thus it is that Man is the King of Nature. It is his Hap- 
pinefs that the Fifh fhould find their Food along the Sea- 
coafts, and all other Animals find theirs in the Fields, 
without his giving himfelf any Trouble, or ufing the kail 
Precaution about it. Were he rtot ctifeharged of thefe 
Cares, he would be overwhelmed with them. All Ani- 
mals have been provided with Senfes and Skill to conduce 
themfelves. Regular and. invariable Generations daily 
multiply the feveral Productions of the Earth. Man» 
without any Care or Trouble on; his Side, finds thefe Riches 
continually renew'd for him. But he regulates the Ufe 
• of, and has. the Choice of either working them, or lay- 
ing them by in Store. He nurfues noxious Animals into 
their clofeft Retreats, and either exterminates or keeps 
them within Bounds. He dànûniâ&es the Number of thofe 
thai might become hurtful : He increases and feeds whale 
Flocks of those he has need of: He tries all Things» and 
varies the Utility of them by giving them a new Form : 
Nothing, in mort, efcapes his Government. 

Who has let go yonder Goats, which we fee climbing 
the Hills, fearching all Day long a few Blades of Grafs» 
and then returning ta him at Night, at the Signal he gives 
them I Was it not he that choie the Dog for his Lieute- 
nant among the Sheep difperfed over the Plain. ? It is the 
Voice of Man that direûs the March of Herds. He is heard 
commanding every where. The Roads, the Banks of Ri- 
vers, the Sea-ports and Towns reibund with the Noiie of 
the fieoft» ofBvrden, that vroik under and for him. All* 

from 
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from the Top of the Mountains down to the very Bowels 
of the Earth, is full of rich Materials' that wait but for 
his Commands, and will remain for ever in a State of In- 
ertion, unlefs they are actuated by his Hand. All Sorts 
of Birds and four-footed Animals flock and croud round 
him, like fo many Bands of Slaves always ready to im- 
prove his Eftates, or lend their fubmiffrve Shoulders to re- 
ceive his Charge and Loads. If it happens now and 
then, that a fuperior Force gets the better of his Deiires 
and Cautions ; if, for an Inftance,an Army of Flies is Some- 
times ftronger than him, it is becaufe he has a Mafter, 
and it is proper he mould be reminded of it. 

Man is then born to govern. He that bears a Scepter, 
and he that wields the Shepherd's Crook, are . like real 
Governors. Take but the Msn that efteems himfelf the 
meaneft of all : him who has made a Sacrifice of his Li- 
berty, and who from a Fear of being left to his own Con- 
duce, has given himfelf over to that of others : Shall we 
fay notwithstanding, that he has renounced his Quality of 
Governor ? Nay, had he but the Dire&ion of a Door, the 
Care of a Kitchen, or that of theLinnen and Provifions of 
a Family; he ftiil exerts hisForefight Patience, and Dex- 
terity : he governs, he is ufeful and valuable, he is a Man. 
But he degenerates the Inftant he ceafes to be a Governor. 
Reafon and Virtue become fruitlefs in him. He then finks 
again into the firft Condition of Man ; and from that Mo- 
ment is no more than a Lump of Clay, or, at beft, a fine 
Statue, a vain infignificant Jdol. : 

Thefe Idea?, which are fb much to the Honour of Man/ 
very naturally flow, on the one Hand, from the two Words 
by which Scripture informs us of our Pre-eminence and our. 
Refemblance tothefupieme Mafter of all Things; and 
on the other they vifibly agree with Experience, which 
fubmits the Fifhes and Birds, the terreftrial Animals and 
the generality of the Productions of Nature withoqtExcep-- 
tion to Man alone. But it does not fuffice to lay hold on 
thefe Truths in a general Survey. It is by defcending 
with Attention into the Particulars of the feveral Exerciles 
of Man's Dominion, that we are to learn our own Rights, 
and the Manner of improving them to the beft Advantage. 

Here I find myfelf ftoptby a Philofophical Scruple. If 
Man is a Mediator placed between God and Matter ; if 
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ie is, obliged to give God that Glory which ftupid Beings 
are unable to pay him ; if he refembles God by his intel- 
lectual Faculty and Lordftiip, at the fame Time that he 
refembles inferior Creatures by his Body ; xloes not Order 
require that we mould previouily treat of the fpiritual and 
corporeal Natures in General, that fo, by the unfolding 
of thefe two Subje&s, we may underftand the better what 
Man is who reunites them both. 

'Tis true that the Philofophers proceed very orderly in 
the Titles of the Matters they bufy themfelves with. One 
Book mail treat of the thinking Subftance : Another will 
tell us what the Efiènce of Bodies in general is ; a third 
will rf veal what it is that -conftitutes the Aflbciation of 
Thought and Matter. Alas I how eafy it is to range and 
order Promifes ! but pray, where is the Execution of thefe 
pompous Advances ? What new Light or Benefit have we 
reaped from them ? Extenfi\n t about which Defcartes has 
made fuch a Rout, confounds the penetrable Extenfibn 
with the folid one. And yet what a va ft Diftance there 
is between one and the other ! Moft likely the fame which 
is between a Body, and meer r ought. Malbrancbe was 
transported with the ravilhing Lights he found in his in- 
telligible Extenfion. Others, neverthelefs, find it Dark- 
ness all over. We knew very well, before Defcartes and 
Malbrancbe exifted, that the Thoughts of the Soul were 
followed by the A&ions of the Body, and the bodily Im- 
prefiions followed by Some Thoughts in the Soul. Def- 
cartes and Malbrancbe pretended that this Matter was not 
well underftood, and that the eflential Point confifted^ 
in acknowledging that this Correfpondence of the Body 
and Soul, fubfifted by Virtue of an Order of the Creator, 
and purfuant to. a Law eftablifhed from the Beginning. 
That Law is a Word not made ufe of before them : But 
who was ignorant that the Thoughts of the Mind and 
the A&ions of the Body, followed one another recipro- 
cally by the Order of God ? And what has this Law 
taught us more than a meer Word f And after fo many 
Preliminaries and Debates on all thofe Quittons, who 
is the Man among them that can teach us what a Body; 
a Brain, or a Drop of Blood is i Our Eyes are, ftill, as fhort 
fighted as before, 

It 
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It is not with the Lights which we borrow from Reli- 
gion and Experience, as it is with thofe which Philofophy 
promifes us to no Manner of Purpofe. The Scripture, 
'tis true, does not methodically give us definitions, with 
both the Genus and the Difference, of what a Body and 
a Spirit are: A thing perhaps very unnectffary. But it 
informs us in the very irft Pages, that Man is the Image 
of God, becaufe he, like God, is to bear an universal 
Sway, and his Government extends to every thing on Earth. \ 

Nothing can be clearer, nothing more noble than this. 
To this firft Truth the Scripture adds another immediately 
after, which is of equal Importance, and th e natural Con- 
fequence, as it were of the foregoing, <viz. that Man fhall 
be poflefTed of all, on Condition that he fhall publickly ! 

honour him that gave him all. Where could we find any 
.Doârine that was more affecling, more compendious, or • 

more intelligible ? There is no Mortal that does not un- 
derftand what a Poffeffion is, or is not fenfible of the Ju- ; 

ftice and Reafbnablenefs of Gratitude. 'Tis true, if yoa . 
propofe this to Philofophers, they, perhaps, will be di- 
vided on the Reality of the Poflcmon and the NecdTity of . „ 
the Homage, or embarrafs the whole by Arguments more 
obfcure than the Thing itfelf. Some will tell you, that I 
this Domain is am Ufurpation» Man is. an uaprivileged • 
Animal, and he ought not to raife himfelf one fingle De- 
gree above the Ox or the Gpofe. Others will fay, you 
ate in the wrong not to acknowledge Man's Privileges : 
We'll challenge them by Virtue of the Excellence of the 
thinking Subftance, and of the Ideas we have of the Di- 
vine Wifdom. Which intimates that they are going to 
employ Metaphyiicks and Thoughts liable jto much Con- 
troversy, to make us. underftand what is very fimple, and 
what we all of us are fufficiently taught by Experience. 

Philofophy will afk, if it is agreeable to the Nature of 
God to fubjeft Jdam to any Homage, and to order that, 
on. his refuting it, he and his Posterity mould become Mor- 
tal. Dictating the Decrees of Çod is no fmall Commif- 
fion; and yet the Philofophers do not hefitate to take it 
upon them, as if they were appointed to îet us into the Se- 
cret of them,. Scripiuore and Experience do not fay Co 
much to us : but yet we may be contented with what they 

: fey* 
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fay. They reflect a mutual Splendor on each other. On 
the one hand, Scripture informs us that the firft Wor- 
fhip required of Man was the TefHmony of his Gratitude, 
expreffed. by .an outward Acknowledgment of his having 
received all; and that the Denial of the Obedience of the 
firfl Man was punifhed by his Pofterity's being fubjeft to 
Death. On the other Hand, we 'find again in the Expe- 
rience of all Ages, that all Nations have known the Ne- 
ceflity of keeping fbme of the Productions of the Earth 
in Referve, in order to do Honour to the Divine Nature 
from which we receive them. Nor do we left experience 
the common Neceffity of Dying, as a terrible Punifliment 
which we are all doomed to undergo. Scripture, there- 
fore, and Experience lead us to the very fame Truths: 
and although they do not teach us whatever we may be 
pleafed . to aft. them, yet what they- inform us of is cer- 
tain, andufetully inftru&ive : Whereas there is no depend- 
ing upon the Anfwer s of Philosophy : And why ihould we 
follow it, if it may lead us aftray \ It will go further 
than we can pfiffibly penetrate, and we ought to proportion 
our Refearches to our Capacity. Now, we have at all 
Times and every where found, that we were dear-ilghted 
enough not to confound one Thing with another, and able 
by Degrees, to know the real Merit, the Ufe and Proper* 
ties of Beings; bot we have like wife experienced that we 
had no clear idea whatfbever of their Nature itfelf. Let 
us here, of all Things, avoid running headlong into an 
Abyis of Difpates on the Nature of God and the Order 
of his Decrees, on the Eftence of the Soul and that of the 
Body, and on the Nature of their Union. Let us be con- 
tented with what we can know of all this without Dis- 
putes and to fame Purpoie. 

We know the gxiftence of God by the following Ar- 
gument, which is as fhort and Satisfactory as that whereby 
we demonftrate the Equality of the three Angles of a Tri- 
angle to two right ones. 

There is fome Being which exifts from all Eternity, or 
the Beings we now fee muft have proceeded from Nothing : 
Which is impoffible, fmce from Nothing Nothing can be 
produced. Now» that which has always been, either is 
an Almighty Intelligence that has ordered the World 
when and. in the Manner it was pleafed to do it, or it is 

the 
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the World itfelf, which both in great and little has- or- 
dered itfelf without any Wifdom or Defign. Bal the 
World could not fet itfelf in Order, nor eftablifh a perma- 
nent (Economy and confiant Generations, without the 
leaf! Intelligence or , Defign. Therefore, there muft needs 
be an eternal Wifdom that has made all we fee, when and 
in the Manner it was pleafed fo to do. We confefs, that 
all the World is not capable of Reafoning ; but without 
any Reafoning, we all of us feel the unavoidable Irapref- 
fion of a Power which controuls us, and an Intelligence 
which procures a Correfpondence among all that furrounds 
us. • • 

Next to God's Exiflence, we may ftudy his Wifdom and 
Goodnefs ; but, his Nature is inacceflible to our Re don. 

We know our own Seul, our Délires, Joys and Thoughts, 
becaufe nothing is more intimately preiënt ro us. Nay, 
it is our very felves. We know our Body, becaufe we arc 
tied to it. But, let us not needlefsly rack our Brains, to 
know what the divine Nature is, what Thought, Life, 
penetrable Space, or folid Extenfion are ; in fhort, what 
Kind of Tie it is that aiTociates Mind with Body* Philo- 
sophers never ceafe turning our Thoughts that Way, where* 
as it is plain that we had quite another Talk to difcharge. 
For it is an evident and a punifhable Obftinacy, perpetually 
to call our Eyes upon what God keeps concealed under an 
impenetrable Veil : Whereas nothing is more prudent nor 
better rewarded than the Method of following the light 
which God fhews us, and of carrying as far as. we poffibly 
can that Difcernment whereby he allows us to diftmguifh 
one Thing from another, and to learn how to bring the 
Ufe of them to Perfection. We ftand in need of no 
more: And as we know Water fufficiently when we know 
how to diftinguifh it from another Element, how to boil 
or make it freeze, how to evaporate, thicken, or render 
it frefli, how to make it run fmooth or fpout out in what 
Quantity we pleafe, without being able to fay what that 
Water is ; let us advance in like Manner in whatever it is 
poffible and advantageous to us to know of God, of our 
own Soul and our Body, of our Duty, and of God's De- 
figns in regard to us. It being evidently our Condition 
not to be ignorant of or acquainted with every thing : Nee 
nil, nequfi omnia ; inftead of turning our Eyes, and Re- 
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fearches upon the Nature of Beings, that is, upon the 
dark Side whicji Philosophers are fo fond of, is it not 
more prudent for us to fix our Sight on the Part from 
whence the light comes to us ? Now, there are no Ideas 
either more luminous or fitter to elevate the Soul, nor any 
that coil it fewer Efforts, than thofe which offer them- 
felves jointly both in Revelation and Nature upon the Do- 
minion of Man. When it will be Time for us, from his 
actual Pofleffions to pafs on to the Expe&ation of an hap- 
pier State; we fhall find again that Religion and publick 
Teftimonies diflipate, by ftill furer and ftronger Lights, 
the Doubts which proud Reafon will affect to multiply. 



Man confider'd as Governor; 

Proved from the Proportions and Excellence 
of the human Body. 



DIALOGUE III. 

IT being the apparent Defign of God to make Man his 
Representative on Earth, whatever was beilow'd on 
him muil be conducive to the Execution of that Defign, 
and fapply him with the Means of exerciung an univer- 
fal Power." The human Body, that of the two Parts of 
our Being which offers itfelf the firft, was wonderfully 
framed for that Purpofe. 

The Anatomy of the feveral Pieces which compofe the 
Machine of the human Body, is not what ought to oc- 
cupy our Thoughts here. Although this Science be one 
of the moft fatisfa&ory, and perhaps that which has made 
the greateft Progrefs fince the Revival of Sciences ; its 
chief Object is the Direction of the inward Organs, where- 
by the human Body agrees in its Functions with the Body 
of Animals ; whereas our prefent Inquiry is on what di- 
ftinguifhes Man from Beads, and enables his Body to ma- 

Her 
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fter the moft active and flrongeft Animals. We want no 
Scalpelle, nor any Studies, to perceive, in thefole Ufe of 
his Organs, the Exercife of a Dominion as extenfive as 
the Globe itfelf, and to be fenfible that God has imprint- 
ed his Refembiance on the Body as well as on the Soul of 
Man. 

He that made the Eye, fees without the Help of Eyes. 
He that made the Tongue, hears and makes himfelf heard 
without the Affiftance of Speech. We mail not, therefore, 
look into the Form of the Organs for the Refembiance of 
Man with God. That is the Part, on the contrary, in 
which he does not refemble him. But the Impreffion of 
the Image of the Almighty is found again in the Excel- 
lence of the Bfe£U of thefe Organ*. They «re &ch as 
render Man, in Reality, the Lord of Nature, beftow on 
him the Activity of the Creator, and Rule over every thing 
on Earth. 

'In treating on the Nature of the Body and Soul of Man 
particularly, let us always remember that we {peak of a 
Body which is under the Tuition and Government of an 
Intelligence ; and that the human Underftanding is fe- 
conded and waited on by bodily Organs. When we ad- 
onire the Skill of hi* Hand, we do not at the ûune Time 
forget that great directing Principle on which that Skill is 
founded : And when we admire the Science of that Crea- 
ture who invents ib many ufeful Performances, it will not 
fee exclufive of the performing Hand. We (hall only,- for 
the Sake of proceeding regularly, give a more particular 
Attention to one of the Powers, and then to the other, 
bat ftill without rendering them independent. For, why 
mould we by any Means feparate what God has fo ftriclly 
united? 

When we fee in the Eagle'voracious Inclinations, toge- 
ther with Claws and a Beak, fit to lay hold on his Prey, 
and tear it to Pieces, we judge with Reaibn, and without 
having Recourfe to the BifTe&ion of the inward Organs', 
that the Intention of the Creator was not that that Bird 
ihould feed on fmall Seeds, which his Beak can never 
gripe ; or on a few Blades of Grafs, which could only dif- 
guft him. When, on the contrary, we obferve the In- 
clinations of the Canary-bird and the Dove, together with 
their (lender Feet and feeble Beaks, we affert, without the 
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leaft Apprehenfion of a Miftake, that the Intention of the 
Creator v*as not that thefe Birds mould feed upon 'Blood 
and Slaughter. The Intention of God with Regard to the 
Lamb and the Lion is confpicuous in the Tamenefs which 
retains the firft near Man, and in the Fierceneis which 
drives the latter into the Woods andDeiarts, to multiply 
their , Species there, without aiking any thing of Man, 
The Horn which hardens the Horfe's Foot, and the 
Strength of his Hough, are Indications to us of the Tra- 
vels and Services he will be fit for. We are never tempt- 
cçl to bite a Bit of Chalk, or a Piece of Marble, nor 
to employ the fruits of Trees in the Stone-work of our 
Walls. It is indeed in every thing, that the vifible Pro- 
portion which is between a Species or an Organ, and a 
never-failing Éffeft, fufficiently informs us of theDefHna- 
tion of thofe Bodies. We may then judge from the In- 
fpe&ion of his Shape, from his Senfes, and from the Har- 
mony and Concert of the Organs of Man in the producing 
a Multitude of Effe&s, that ne is born to make u(e of all 
the Products of the Earth, and to put every Part of it un- 
der his own Direction. 

I. The Pre-eminence of Man is immedi- 
ately declared by the Dignity itfelf of his Man's Head 
Head, and the Advantage he receives from and Shape. 
the erett Pofition of his whole Body. There 
is nothing fo beautiful in nature as the Face of Man. The 
Tokens of his Superiority appear no where with more 
Splendor, though they are as really ipread throughout the 
reft of his Body. 

Majefty dwells on his Forehead. The 
exafteft Symmetry is obferved in the Shape His Features. 
of his Face and the Harmony of all his Fea- 
tures. The Arches formed by his Eyebrows and Lids, 
at the fame Time that they free the Eye from the Sweat 
and minute Elements that might tarnim it, fet off the White- 
nefs of it, and beftow a new Beauty and Splendor on every 
Motion. It may be faid that Grace and Dignity meet and 
refide on his Lips, fince one fingle Smile of theirs fuffices to 
ipread a Chearfutnefs all round them, and they give, thro* 
the Variety of the Sounds articulated by them, Orders 
which are immediately executed, or that will be carried 
to the gréateft DiHances. 

But 
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But the Perfon appointed to govern, ought .not always 
to have Recourfe to Speech to be obey'd or underffbod, his 
Face therefore is the Mirror of his Soul. The rich Co- 
lours wherewith God has heightened the Beauty of its fe- 
veral Strokes, fucceifively exprefs either the Serenity of his 
Mind through their Calm nefs, or its fecret Emotions by 
their fudden Alteration. An unconceivable Multitude pf 
fmall Mufcles, and a (till greater N umber of minute Strings 
diftributed through them, terminate at his Cheeks, his 
Lips, and throughout the Extent of his Face, which form 
as many Expreflions as there are inward Emotions. Some 
of them raile his Eye-brows, widen the Opening of his 
Eyes, and give him an Air of Statelineis or Indignation. 
Others deprefs his Eye-brows, fo as to rob us of the Sight 
of his Eyes, and, through the Multitude of the Plaits that 
furrow the lower Part of the Forehead, characterize either 
his Sadnefs or his Recollection ; fome of them are appoint- 
ed to make the brighteft Red, or the utmoft Palenels fud- 
denly fucceed to his ufual Complexion, and by Turns to 
exprefs his Joy or Fears, his Approbation, Refufal, or 
Defpite, his Defpondency or Security. Animals have 
fome of the Paffions of Man. But the vail Variety of the 
Signs which manifeft them is peculiar to Man : For why 
is the open View of his Face iufficient to let us fee whe- 
ther he is gay or fad ; whether he meditates, or is only 
relaxing his Mind; whether he threatens or carefiès, whe- 
ther he is irritated, or pleafed ? Is it not to the End that 
his Fellow-creatures, and even the Animals-, m\y be in 
ftantaneoufly informed of the Defires or Orders of him 
who has a Right to be liftened to. He wowld be difgraced 
er fatigued by the perpetual Neceflity of ufing Speech to 
make himfelf underftood. His Thoughts are at once read 
in his Air, and at once he experiences around him Silence 
and Reft, or fuch Actions and Proceedings as agree with ! 
his own Concerns. ] 

The Head, or rather the whole Man, reaps a mighty j 
Advantage from the erect Pofture of his Body, towards ex- J 
ercifmg his Authority. All the Animals are reclined to- 
wards the Earth, and creep upon it. Man alone walks 
with his Head upright, and by this Attitude maintains 
himfelf in a full Liberty of Action and Command. 

That 
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That Head thus appointed to regulate the Motions of 
the Body which fupports it, and to watch over the Dilpo- 
fition of all the Produ&s of the Earth, does not folely en- 
joy^the Benefit of its own Situation and Dignity. It is 
the Seat of the Underftanding. It has exquifite Senfes, 
and all the Organs neceffary to receive» Advices from, or 
fend them to all Parts. Its Eyes ftand Cehtry in the high- 
eft Story, and perceive at further Diftances. When the 
Eyes are taking their Reft behind the Curtain of their 
Lids, the Ears remain open, and are informed of every 
thing. It is oftentimes his Smell, that informs Man of 
what his Eye or Ear cannot tell him. His Tongue, be- 
sides the Faculty of diftinguifhing the Tributes which all 
the Earth pays him, enjoys the Privilege ofimpofing a 
Name to whatever is in his Habitation, and of difpatch- 
ing all the Orders that are requifite towards the Manage- 
ment of it. That Head is viiibly appointed to govern, 
fince it is the only one that can keep a Correfpondence 
with the whole Univerfe. 

The Motions of Animals are, in each 
Speck,, confined to a Number fm.ll e~ J/Vmo"™ 
nough. The fame are repeated moft com- f M an , 
monly, becaufe they all of them have but 
one Method which is peculiar to them. The Motions and 
A&ions of Man arenumberlefi, becaufe his Prudence and 
Operations were to extend to all. 

If Man did, like the Quadrupeds, adhere to the Ground 
by both his Arms as well as by his Feet ; he would from 
that Moment lofe the Multiplicity of his A&ions. He 
would no longer be able to govern ; and the Faculty of 
imbelliming the Earth with ieveral Works, could never 
be reftored to him but in Company with the Agility he 
receives from the erett Pofture of his Body and the Liberty 
of his Hands. 

But, inftead of debafing him by making him creep 
with the terreftrial Animals, let us raife him up into the 
Heavens, and let him rule overall from that lofty Station. 
Let us fuppofe that his Arms are all over covered with long 
thick Feathers, and turned into a Pair of Wings. He 
. begins to fpread them, and feeks the Skies. He cuts the 
yielding air, and his rapid Flight conveys him into the 
other Parts of his Abode, which he may vifit at his Plea- 
sure. 
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fore. Let as fee now, if fee is better (erred by a Couple 
cf Wings, than he is by a Pair of Arms. Does he gain 
roach by that Change ? He even lofes by it what he pof- 
(êflèd before. His Anns and Feathers are an Infiniment 
of Tranfportation : He never will (pread them any more, 
bat to fiy : And that robs him at once of his nobleft Pri- 
vileges. If he leaves his heavenly Regions to come to the 
Earth again, he begins by finking his Feathers ; and in 
order to preferve them from Filth, he gathers them clofe 
to his Sides. Now he is peifeSly lame and unfit for any 
thing whatever. Do but return. him his Arms, and he 
re-aiTumes all his Talents and Riches. His Field will be 
ploughed, his Vine cut, his F or efts felled, and his Provi- 
sions laved up in flore. I fee him from that Moment 
reaching thofe very Arms into the Bowels of the Earth, 
and quite to the Bottom of the Seas, where his Wings 
were not (b much an Help as an Obftacle to his Under* 
takings. Ought not God, fome Philofophers will fay, to 
have fupplied Man with both Arms and Wings ? My An- 
fwer is, that he has provided as ftill better. We never 
few the American Birds crois a Space of two thoufand 
Leagues, in Order to come and pay a Vifit to thofe of our 
Continent : But Man does in fixty Days pafs from one 
Cmrtbagina to the other. He, then, has better Wings 
than the Tlanquejbut * and the Toucan f. When he fhall 
have a mind to review his Plantations, or colled the 
Riches which Peru affords him, the Ocean, which is (but 
up to the Eagles, will not flop him. The Creator would 
net have Man be like a bird, becaufe he intended to make 
him a King. 

The Liberty of governing all, and of 
^ h ^ r ^ rt,on varying his AdHons according to the Exi- 
tithwhatXr- g cncv ox " Circumfbuices, is the firft Help 
rounds him. - Man experiences from the noble Portion 
of his Body. But the Analogy of his Shape 
with the Things around him, is a new Source of eafy Me- 
thods to him in making himfelf Matter of all. Had he 

* A fi/hing Bird of Mexico and BraJU, which has a flat and vrry 
long Bill, that widens towards the End in the Form of a Spoon, like 
fhe Dutch VaVnt. 

f A Pre of Brafi, that has a Bill as big as its Body. See WiU 

highly Ornitlol, 

the. 
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the Shape only of a Child, he could neither confume, nor 
even work the Productions of the Earth. A Gigantic k 
Corpulence would expofe him to Want, nor could the 
Earth fupply bim with all Neceflaries. 

Far from beholding with Envy Animals fwifter than' 
himfelf ; he either makes them run for his Service, or 
borrows the Wings of the Winds and Seas, that tranfport 
him round the whole Globe. He wifhes not for broader 
Shoulders in order to carry heavier Loads. He leaves tha 
kind of Glory to his Servants, as the Horfe, the Ox, the 
Camel, and the Elephant. He need never complain of 
not being provided with Claws like the Lion, nor with 
Tufhes like the Boar. It becomes the Lord of Nature to 
come unarmed into the World. Gentlenefs and Peace are 
his true Properties. But if he wants to defend himfelf, 
the Animals fly to his Affiftance. Woods and Stones will 
oppofe Wails to his Enemies. Salt, Sulphur, Fire, Irorf, 
and all Nature con(pire to ïhelter him from Infults. 

He has indeed but an indifferent Degree of Agility, a 
moderate Vigour, and a middling Shape. Never thelefs, 
the Eafmefs of that Shape, and the juft Conftitution and 
Temper of his Faculties, caufe him to be obeyed and ferved 
by the fwifteft, the moft vigorous and mod formidable ' 
Creatures. We mail be ftill more fenfible of this Truth, 
from a more particular Examination of a few of his 
Organs. 

2. What we have juft remarked of the 
wht le Frame of the Body of Man, and of His Leg. 
; the e.xacl Proportion between his Shape 
and that univerfal Sway which is allotted him, we may, 
again obferve in his Legs and Arms. 

At nrft Sight, the Leg of Man appears 
rather a fine Support than an ïnftrument The Support of 
of Activity. The major Part of Quadru- theHuman Body. 
peds and Birds have in Fa& an Agility 
. much greater than that of Man. The former, being car- 
ried upon four Legs, fupport the Fatigue of long Journiea 
better, and travel quicker than he does. The Birds, who, 
betides the Swiftnefs of their Feet, have the additional 
Help of Win^s, ènjoy a Liberty ftill more perfect. On 
the c&ntrary, if we judge of the Legs of Man from their 
Struftwe; and from the Sole of the Feet which terminate 
Vol. V, C them, 
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them, they appear Columns and Bafes fitter tô fêrve him 
a Support, than to facilitate Jiis Travels. 

He may, 'tis true, by Dint of Exercifc, arrive at 
inconfiderable Degree of Agility. But that Nimblen 
which the Grecians admired in Achilles, and in their A> 
letes, and which may ftill furprize us in a running Fo< 
man, or a Vaulter, is not the natural Privilege of Mi 
Is it any Shame to him to be without it ? Not a wi 
more than not having his Fingers armed with crook 
Nails, or two of his Teeth wretched considerably out 
his Mouth, like thofe of the Elephant. Expedition 
running is the true Merit of a Meuenger; and Man, 
fay it again, is appointed to govern. But then his Le 
fupport him with an Air of Dignity, that fets him o 
and befpeaks him a Mailer. If they fupply him fom 
times with a commodious and ipeedy Conveyance, by the 
alternate Progreûion, it is only when he is to traverfe fma 
Diftaoces, or to carry his Orders and Cares to the Plao 
round him. But when he has a Mind to crofs whole R< 
gions, or overtake the Animals that fly from him ; thei 
indeed, he is ferved, and runs as becomes a Lord to do i 
Dogs of all Shapes and Skill, pufh through every Bum an 
Thicket, traverfe great Plains, fwim over Rivers, and, s 
his Command, rufh upon the Game he purfues, or re 
ipc clfully bring back to him the Prey that fell beneath th 
Thunder of his Hands. The Camel, the Horfe, theOs 
the Rein-deer, and other Animals, equally ufeful by thei 
Activity, .Strength, or Patience, fucceflively offer them 
felvcs to help on the Culture of his Land, to tranfporthi 
Crops, and to carry him wherever he is pleafed to go 
The Rivers bring him, from one Province to another, long 
Strings of Barks, each whereof is able to carry three oi 
four hundred thoufand Pounds Weight, and a great dea 
more» The^Sea, inihort, facilitates the Accefs of all Cli- 
mates to him. 

But tho' he is rather carried, than carries himfelf to 
thefe great Diftances; his Leg, by a particular Form, and 
ty Mufcles peculiar to it, performs an infinite Multitude 
of Actions and Situations, mitable to the feveral Exigences 
of his Government, but ufeleis and denied to his Slaves. 

The Leg of Man grows lefs and lefs towards the Ground, 
where it terminates in a Baiis flattened onPurpofe to prop 

the 
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the Body by giving it a noble and firm Attitude, without 
clogging the Liberty of its Motions by the Largenefs of 
the Bulk : And although the Beafts of Burden have their 
Legs made firm upon a flat Surface; the Advantage they 
reap from it as to themfelves, is confined to the Solidity 
of the Position, Their Hoof is rough-hewn. It has nei- 
ther Articulations nor Springs. But the Sole of Man's 
Foot being affifted by the Mobility of the Toes that border 
the End of it, and by the numberlefs Nerves as it were 
that fpread and are difperfedin the Heel, and in the whole 
Texture of the Leg, fupplies it with a prodigious Variety 
of Motions, both when Man has Recourfe to them from . 
the Neceflky of his own Prefervation; and when he is 
pleafed himfelf to fupply, or even mimick the Functions 
of the Animals that ferve him. He does not always make 
ufe of the Horfe's Legs, and he often is contented with 
imploying his own Activity. Sometimes he awakens all 
his Limbs by bounding like the Ram. Sometimes he 
gives a Spring like the Goat and the Chamoys, and with 
a Jerk fhoots through the Paflage he cannot fet his Foot 
on. It is not uncommon with him to lay the whole 
Weight of his Body upon a fingle Foot, like the Stork : 
And, what is never feen in any other Animal, he balance* 
himfelf, and affords feveral Poflures and Situations of Bo- 
dy, though hardly fupported on the Tip of one Foot only. 
He turns about on his Heel: He contrives a Multitude of 
Steps, forne of which are grave, others quick 
and light: He unites them all, and makes Dancing, 
them lucceed each other in a Thread, with 
Variety and Cadence, at once capable of delighting the 
Eye, the Ear, and the Mind, which are always foad of 
Symmetry. He moft ufualfy neglefts thefe Efforts,, the 
chief Merit of which confifh in the Difficulty of the Éxe* 
cution, and contents himfelf with that Part of Dancing,* 
which may procure the Eafe of his Motions, or fet off his 
natural Dignity, not much caring to reckon among his , 
Talents the Caperings and Grimaces of the Ape, or thé 
impetuous Motions of the Grafs-hopper. 

The Mufcles and Nerves which produce fo many 

Stretchings, Retractions, Jerks', Slidings, Turnings, and 

Operations 'of all Kinds, have all been collected in one 

Q Z Bundle, 
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Bundle, neatly rounded behind the Shinr 
The Calf of bone. 1 his mais becomes a commodious 
the Leg. Pillow, £t to lay and reft that tender Bon* 

upon, fo very ceceflary, and fo brittle. Jt 
is at the (âme Time a Rampart to it, againil the Blows 
and Injuries it may be expo led to on that Side where the 
Eye cannot prevent them. 

The Extremities of all thefe Strings come down croft 
each other quite under the Scle, or ftop in the Way, and 
flick to the {everal Parts which are to bend or turn, accor- 
ding to the particular Impulfions. Two ûrong Carnofi- 
ties, like a Couple c£ tough horny Cufhions, cover the 
Under-part of the Heel and the Tip of the Sole ; that the 
Weight of the Body refling upon diem, the Veffels that 
lie under them may not be drained or deprived of tjieir 
Action ; and that the Middle of the Sole forming a con- 
cave Arch fomewhat raifed from the Ground, it may ad- 
mit there, as much Air as will fpring againft the Preflure 
of that Arch, and always difpofe Man to fome new Mo- 
tions. 

I pafs by a great many other marks of Precaution this 
Jnftrument is evidently full of: but, I malt not omit ob- 
ferving that the tvyo Columns of the Body, always go up 
thicker and thicker, not only to lay the Body upon a pro- 
portionable Support, but alfo that it may lie foft, when • 
it wants to eafe itfelf of its Fatigues. The Arm and Hand 
together contribute flill more to the Exercife of the Au? 
thbrity of Man. 

3. Since Man has an Arm, I (ays he is. 
•w~ a a Mailer of every Thing on Earth. This muft 

Hud VoKtteT naturallv follow - That bein g truJ y the To- 
ken and the Infiniment of a molt effectual 
Sovereignty. Behold the Animals. One is born a Hun- 
ter, and has the Inftruments fit for Hunting. Another is 
born a Fifber, and it is, in order that he may reach very 
deep into the Water, that he has both his Neck and Beak 
•very long : He has alfo a Pair of long fcaly unfledged 
Thighs, that he may dip into the Water without foiling 
himlelf in the Mire. Tne Vocation of another is to car- 
ry or draw Burdens ; to which Purpofe his Hams and 
Shoulders arc wonder f ally adapted. All have their proper 

Functions, 
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Functions, together with the Tools belonging to them. 
They all have a Trade, in which they refpettively excel : 
But no more is to be expected from them. You may per- 
haps with Blo»vs, lnticements, or Exercife, break them 
to Tome lefs common Operation, and oblige them to vary 
their Motions according to yourDeures, and the repeated 
Signals you give them : But all that Skill refides in your- 
felf, and argues no particular Dexterity in them ; much 
lefs is it the Mark of any Defign of theirs; or of the haft 
Degree of Perfeilon acquired by Reafoning. In fhort, 
a'l their free Operations are as limitted as the Infcruments 
of their ProfeiTion : But the Arm of Man being an univer- 
fal Inftrument, his Operations and Government extend as 
far as Nature itfelf. 

That Arm, by ftriFening, performs the Functions of z 
Lever or a Bar. When bent in the lèverai Articulations 
that divide it, it imitates the Flail, the Bow, and any 
Kind of Spring whatfbever. By doubling the Fill that 
terminates it, it ftrikes like a Mallet. When it rounds 
the Cavity of the Hand, it holds Liquids like a Cup, and 
tranfports them as a Spoon would, do. By bending or 
" fining its Fingers clofe to eaeh other, it makes Hooks, 
inchers, and Nippers of them. The two Arms ftretched 
out imitate the Balance ; and when one of them is fhort- 
cned to fupport fome great Burthen, the other ftretched 
eut immediately on the oppofite Side, conftitutes an Equi- 
librium, and, like the Roman Balance, makes up the 
Overplus of the Weight with the Length of the Leaver. 
But comparing the Arm and Hand with thofe of our or- 
dinary Inftruments, is extenuating their Merit, In the ex- 
acted Truth, the Arm is both the Model and the Soul, as 
it-were, of all Inftruments whatfoever. It is the Soul of 
them, as the Excellence of their Effects does always pro- 
ceed from the Arm and Hand that direct them. It is like- 
wife the Model of them : Since they are all fo many Imi- 
tations or Extenfions of its different Properties. That Arm, 
which by ftifFening heaves up a Stone or a Piece of Tim- 
ber, has given us the Idea of the Leaver. It lengthens 
kfelf in a Manner by laying hold of that Leaver. Its 
Strength may thus be increafeda Hundred-fold, and more, 
and then it turns over a rough Piece of Marble; or makes 
a Heap of Trees it had cat down move before it. That 
C % Arm, 
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Arm, which could give alone no indifferent Blow, and 
which railed, no doubt, the fM. Idea of all Hammers, 
by clofing up the Fingers, when it comes to borrow the 
AiTiftance of a Mallet or a Club, knocks down an Ox at 
one fingle Blow. It pulls down Oaks from the Tops of 
Mountains, whence Man drives them partly towards his 
Habitation, or to the Places near his Vineyard, or to a 
River's Side, according as he wants to prepare a Roof, a 
Prefs, cr a Bark. 

The Hand of Man may alfo carry and tranfport Fire 
and Liquors, ftir up the Earth, layJwld of Wood, Stones, 
or any other Body : but it performs all thefe Actions only 
ill little, often with fome Difadvantage, and at the Rifk 
of being burnt or bruifed. A Senfe of the Services it of- 
fers him, and of the Dangers he expofes it to, raifed in 
him the Idea of Helps. Spoons, Nippers, Pincers, Sho- 
vels, Spades, Pitch-forks, and all Tools in general, are fo 
many Hands which imitate in great what the Human kind 
dees in fmall. It fkreens itfelfrrom being hurt, by offer- 
ing them in its Stead : and what its natural Tendernefa 
hinders it from executing by itfelf, it performs with Ad- 
vantage by the Shape and Solidity of the Tools it is ca- 
pable of managing. , 

That Hand, (o very weak to Appearance, that Hand 
which would be but faint, or even bruife itfelf, if it ilruclc 
immediately upon Stones and Metals, needs but direct a 
few Pieces of Wood or Iron towards mattering all Things» 
and rendering them ufeful by a juft Correipondence. 

That Arm which is not two Cubits long, and but four 
or five Inches broad, performs Wonders when affifted by 
the Vigour of the Tools which reprefent or defend it. It 
feems then that nothing can refill or flop it. It bruife* 
vaft Rocks, and breaks thro' Mountains. It retrains Ri- 
vers, and forces them to run in new Channels. Iron and 
ail Metals take what Turn it is pleafed to give them. It 
conquers the Refinance of Marbles and Stones : It fhapes 
them. at Pleafure like a Piece of foft Wax*; and now 
makes of them as an Arch to join the two Sides of a large 
Canal ; now whirls them about into a Stair-cafe, to render 
every Part of Man's Abode acceffible to him, or lays them 
abreait and in a String, from Rome to Brundufium*, to 
* The Via Aftia. 

make 
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make them become in the Middle of the muddied Plains* 
a Way as hard as Iron itfeif ; a Road that (hall bepaffable,. 
and frequented after two Thoufand Years Service*. 
. But the Hand of a Man, perhaps, meets with fo much' 
Succefs only when it acts upon Matters void of Senfe. 
What contradiction does it not experience from Animals ? 
This Refiftance, far from difgracing the Hand of Man, 
infinitely heightens the Merit and Value of it. The Hard- 
nefs and Weight of Marble and Metals was never any Dis- 
honour to the Hand which overcomes them. How does it: 
compafs the hewing and fafhibning, a rough Piece, of 
Marble, fo as to make a noble Figure,, a light Drapery, 
the Features of Lewis XV. come out of it? What it could. 
not attain to by itfeif, it performed by the Affiftance o£ 
the Mallet and Chifel. How did it dare attempt to raife 
and hang up a Bell of thirty Thoufand Pounds Weight an 
Hundred Feet from the Ground, or to terminate the vaft 
Pediment of the Colonade of the Louwe by an Ogee of 
two Stones only ? It called to its Help, Levers* Pulleys,. 
Wheels, Cranes, and all Sorts of Machines, in which a 
very fmall Force gets the better of a very great one. With, 
thefe Hel£s the Hand of Man makesitfelf fure of the Vic- 
tory over what refills it, and it is that kind of Magick that 
constitutes its Glory, by infallibly fubduing the heavieft 
and mod unmanageable Matters. The Fiercenefs of wild 
Animals, which ferves to people every Part of Nature with- 
out the Intermiffion or Cares of Man, does neverthelef* nor 
hinder the Hand of Man from putting them under the 
Yoke, and making a Profit by them whenever there is 
Need. 'Tis true, it is weak, and could not refift the Ti- 
ger's Teeth. The Elephant would bruife it with one Blow 
of its Trunk ; and if it attempted to bridle the Camel's 
Head, it would not be able to reach it. It is that very 
" Hand, neverthelefs, that confines both the Tiger and the 
Lion. It is that which makes the Elephant pafs from one 
Region into another. Nay, it will, at its Pleafure, drive 
a numerous Herd of them from Spain into the very Heart 
ofltafy, as it would drive-a Flock of Sheep from one Pa- 
fture into another. But, if it meets the River Rhone in its 
Way, how will it do to encourage the Animal frightened 

* Sec MiJJbtfx Voyage to Itafy. 
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at the Sight of an Element unknown to him, or how will 
it be able, with fuch a reftive Mafs, to overcome the Ra- 
pidity of the River? It will firft prepare a Raft, and co- 
ver it with green Turf: Then it will introduce into it lè- 
verai Elephants together, as if they were pafling from the 
high Road into a Meadow : And then with a few Tuggings 
of an Oar, it puts the whole Meadow in Motion, gets it 
off one fide of the River,- and conveys it to the other with 
as much Eafe as it would carry a Rofe, or a Sparrow. The 
Hand of Man tames the Bear which comes* and ki/ïès it ; 
and ties up the Camel that bends his Knees to receive the 
Fetters, or take upon him the Load it has prepared for 
him. Far from diminifhing the Encomiums of the Kand 
of Man, we fnall complete them the more, by faying that 
it caufes itfclf to be feconded every where by a Force 
which is not its own ; that it employs Matters which ex- 
iiled, and were made before it ; that it has the Skill to 
take Advantage of the Proportion which is between the 
Weight of the Water and the Lightnefs of Wood, ta 
charge Rivers with the greateft Weights: That it makes 
•' up its own* Inefficiency with Tools and Counterpoifes, 
and by the Acceleration of the Motions it finds through- 
out every Part of Nature. There indeed lies the Wonder. 
Things inanimate, the ftrongeft Animals, the moft im- 
moveable Weights, the moft determinate Motions obey it 
oon or late ; all is fubordinate to it. It not only foftens 
the Roughnefs of the fierceft Animals, but it makes their 
veryPaflrons and Violence ferve its Purpofes. Its Dexte- 
rity turns everything to its Profit : And although that Hand 
is of itfelf fomething veryfmail, although it has produced 
• nothing it makes Ufe of; yet when we caft our Eyes upon 
its Victories and Productions, we might be apt to take it 
for the Hand of the Almighty. 

But the Philofopher, who values his own Thoughts bet- 
ter than thofe. of Scripture, and who has formed the noble 
' Project of humbling Man, by robbing him of all Refem- 
blance with God, will, after all this, perhaps affirm, that 
though the Hand of Man feems indeed to diitingufh itfelf 
in fome Works that have an Air of Ufefulnefs and Gran~ 
deur, fuch as a Palace, a Ship, an Arfènal, a Sea-Port, 
thefe are but a few bold Strokes which it may have been 
introduced to make by Neceiiity : But lhall weftill find this 

Yftft 
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vail ReJèmblance bctiwecirGod and Man, when we defcend 
to the finall inconfiderable Works with which he moft' 
commonly buftes himfelf? Is he not difgraced by Trade» 
that require no Force nor Induftry, &ch as Spinning and 
Sewing ? One half of Mankind is contented with thefe 
deipkable Operations. 

The Art of Spinning, far from deferving this Infult, 
k perhaps of greater Value than the Occupations of tlie 
Philofophers that pafs this Judgment. Here they may be 
beaten with their own Weapon. They all of them extol 
in their Metaphyfies mch Caufes as produce very ,greaf 
Effects with little Apparatus. Thus they think it proper* 
by one fmgle Law of Motion, which they ca-1 very fimpre 
without underftanding.it, to produce both Man and the 
Mufhroom, the Structure and Propagation of which they 
are Hill lefs acquainted with : That is indeed producing 
a great deal at a v.ry fmall Expence. Let us now ap- 
ply their exquiiite Rule to that Art which is the Objeéfc 
of their difdain. Two. or three Fingers pinch the laffc 
Threads o'f a Pack of Wool, Silk, or Cotton, of a few 
Flocks of Wool, or of fome fine Rinds of Trees hanging 
up at the end of a Reed. The fame Fingers, after having- 
twifted and thickened thefe Threads into one, tie the End 
of it to a flight Pieccof Wood, at the loweir. Part where- 
of they fix a fmall Circle of baked Clay that will be re- 
moved when the Spindle is grown fomewhat heavier by 
being charged with a greater M afs of Thread. That Wood 
being rolled gently between the Fingers of the right Hand,, 
communicates the fame Turn to the Thread that (ticks to« 
k, and difpofcs the Twills that are ftill feparate to apply 
tp one another, from the Neceflity of turning all the fame 
Way. The Extremities of the Twifts that come next; 
prove to be perpetually intangled with the firft that hurry: 
them away with themfelves. They all advance forward,. 
and twift on the fame pace under the Fingers of the Left. 
Hand, that pulls and preffes them.fuccefiively, Next to 
this, the Right Hand winds round the Spindle the Thread 
formed by the Left ; and both Hands alternately repeat 
thefe their refpeÛive Functions : Such is the Simplicity of 
the Operation. 

One might here- very juftly praife the Skill and ExîicV 

nefs that makes this Thread fo perfectly even. One might 
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aile with a well grounded Amazement» how the Fingers of 
an Indian Woman can poffibly feel and uniformly govern 
a Thread which the Eye can hardly perceive. Let us not, 
however, dwell any more upon a Work that requires fo 
very little Effort : It feems not that human Induilry can 
receive any great Honour from, nor Mankind reap any 
Benefit by it. 

But it is the very Simplicity and Eafinefs of this Work 
that will conftitute its greateii Merit, if any confiderable 
Benefit can refult from it. We have already converfed 
upon this Topick, and it will be fufficient here to repeaty 
that it is thofe Twills and Threads, or fome others of the; 
Kind worked in a Manner (till more expeditious with the 
great Spinning- Wheel*, that will {erve by their Union t<r 
form all the Weavings and Textures that can be imagined, 
from the Rope and the coarfeft Girth, down to that kind- 
of fine Muflin, which, when fpread oyer the Hand, will- 
fhew nothing but the Hand. It is therefore this kind of 
Work that iupplies us with Attire and Furniture of all* 
Kinds. It affords us the Strings, without which we can- 
not join together or govern any Thing. It gives us the 
Cord, which, when ftretched out between the two Points» 
of a Bow, will dart a killing Arrow into the Body of the 
Wood-hen, or the Pheaiant. The fame Work will pre- 
pare Bonds for all terrefbial Animals, and form thofe Nets-* 
that make Man bear Sway to the very Bottom of River» * 
and Seas. He is indebted to that very Work, for the- 
founding Lead that dire&s his Courfe upon an Element 
thst retains no Impreffion of the Partage of the Travel-' 
lers that went the fame Courfe before him, and for the 
Sail that brings him the Productions of both Hemifpheres. ' 
We are then entitled to fay, that the Art of Spinning in- 
verts Man with his Demefn ; and thus the moft infignifi- 
cant of all Works will fet in the brighteft Light this Truth ; 
that Man was born to govern, when he was endowed with 
Arms and Fingers, even though he were to employ them 
merely in making a Piece of Cloth. 

We lavifhly beftow our Admiration on «certain Fingers, 
thai: ihew their Agility on the Theorbo, or the Harpfi- 

* See JV. Vh Tbe Article concerning Manufacture* of Wool and 
Cçtton. 
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cliord. But the Fingers which we defpife, becaufe they 
can only fpin, deferve rather our Refpeft and Gratitude. 
What would become of us, if the Ladies fhould take it 
into their Heads to give over the Arts of' Spinning and 
Sewing, in order to get a Name, as our fyftematical Phi- 
lbfophers do, or pafs their Life in frivolous Murmurs, 
like our grumbling Metaphysicians ?' A ftrange Occupa- 
tion this r The many Complaints they make of Provi- 
dence; the Attractions, the Monades, the Vortexes, with 
which they are fond of racking their Brains, did never 
procure us the Enjoyment of one fingle Inch of Ground 
that was ufelefs before.. The commoneft Kind cf Work, 
on the contrary, is the firft Support of all our Enterprizes, 
and vifibly makes good the Promife of God to Man in the 
Scripture, . of. fubmitting every Thing to his Authority. 
Thus the Hands of theLadiesdo more Honour andGooà. 
toMankind than the Heads of a great many.Philofophers. 

If, next to this, we pafs on to the feveral Works that 
- fbrge our Iron, that build our Houfes, that make our 
Clothes and. Attire ; we every where perceive new Degrees 
of Perfection : but, as we need not, for the prefent, run 
over every one of them, it will fuffice to incîofê them al! 
in one Remark common to the whole ; <vtz. That in every 
thing that comes out of Man's Hands, the Generality of 
the Effect points our to him the Generality of his Domi- 
nion. Let us again mention one or two of his lefs toiK» 
fome Operations. I fee his Hand making a few flight , 
Strokes with a black Liquor upon a piece of Paper. .7fiat< 
Paper carries Demands or Orders as far as he pleafes 5 ancT 
a few Lines (the Work of two or three Minutes), may per-, 
haps eftablifh aCorrefpondence between two People abfent 
from each other, at never fb great a Diftanoe* or reconcile 
two Families on the Point of going to Law: about the Pro- 
perry of an Eflate that was difpofed of ftfcie Centuries ago 
by an .Act now contefted between them j or it will perhaps 
caufe the two Extremities of the.Globè to concur in ttj,e 
Execution of one and the fame JSnterprize. . 
4. Thefe laft Relations, inconfequence of 
Wh.ch a Man brings about 4 at Batavia, or. The Stoimch 
Fera-cruXy a thing refolved upon vxAmfter- of Mm, 
dam or Madrid, will, perhaps, make fome 
People fear that we imftake Greedinefs, and mere a&s of*. 
C.6. Ufuri- 
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Ufurp&tion, for a lawful Dominion. Ihftead of faying t< 
. Man, as Scripture does, that God has fubmitted the Herds 
Flocks, and Birds, the Fiihes, and all the Treafures of rh< 
Earth to him, would it not be much more prudent t< 
humble him, by reproaching him with his Thefts, anc 
the odious Liberty he allows to himfèlf of difpofing ol 
every Thing from one Pole to the other ? 

With the Scripture before their Eyes, bad Phiîofophj 
can proceed from nothing but bad Maxims. Why will 
Philofophers preach not only in Prefence of the Scripture, 
and without following Experience ; but even upon Prin- 
ciples oppofite to both? 

When we have a mind to humble Man, we fhould not 
do it by accufing him falfly. The Power we reproach 
him with is no Crime. The Poflèflîon he is in, and Ufe 
of every thing, is ho Tyranny. It is the vifible Work of 
the Creator: And taking from him what God has given 
him, to put him on a Level with the Oilier and the Snail, 
is by no means humbling, but downright degrading him 
to a Brute. 

Thofè, who have made Complaints or Satires on the Li- 
berty Man takes of uiing whatever the Earth produces, 
knew not, or only pretended not to know, that the Things 
appointed for the Service of Man are fan&ified by his 
l^rayer, and by the Moderation of the Ufe he makes of 
them. On the one Hand, thofe Declaimers do not perceive 
that this vaft Confumption made by Man is ftri&ly connect- 
ed with the immenfe Provifions, that are fit for none but 
.him, and with the confiant Renewal of the Produ&ions of 
Nature : But do they not, on the other Hand, feel at. the 
Bottom of their Hearts, without any Metaphyficks or Dis- 
putes, that it is Man's Thankfgiving that conflitutes the 
Correipondence of the whole Creation with its Author ? 
* Take Man away from the Earth, and you'll make it at 
once ufelefs, and without Harmony. 

After having heard thofe clear Intfru&ions which the 
Scripture and Experience jointly give us upon that Subjed, 
we may, without any manner of Rifk, make ufe of Ar- 
guments and Reafoning, We may know the Deftination 
-i.i\d the general Power of Man in the fame Manner we 

* See tie Ltttm dot deft the Firftand Tbhd Vdumti, 
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know the peculiar Deftination of the Eye or Leg. The 
Proportion of thefe Inftruments with certain Effe&s, points 
Out to us the Intention of the Creator. The Proportion 
of what is within Man, with what furrounds him, is a 
perfect Indication of the Generality of his Power. Thus 
the Hand proves to be made not only to ferve him, but 
alfb to employ and work every thing on Earth, becauie 
nothing but that Hand can reach and rule the Ufe of the 
whole. It is the fame with moll of the Organs of Man. 
*They ferve him ; but all the Earth helps them to ferve 
him, and all the Earth is acceffary to their Operations. 

One might be apt to think that his Stomach confounds 
him with tbe other Animals, fince they all have a Sto- 
mach, and digeft as well as he does. But; although Mah 
is diftinguifhed from them becaufe he was placed on the 
Earth for fometHng eîfe than barely to digeft, yet his very 
Stomach ferves to evidence his general Dominion. 

The Cormorant, the Plungecn, and tbe Hern, have 3 
Stomach fit to digeft the. Fleîh of Fifh. But then you. will 
always find them feeking for their Food upon the Banks of 
Rivers and Lakes They never were feen obferving, as 
the Dove does, the Departure of the Plowman who has 
juft been fowing his Ground. The Lion and the Tiger 
have a Stomach fit to digeft the Fiefh of terreftrial Ani- 
mals. You would in vain tie them tip ta the Rack or 
Manger, and reduce them to a few Oats, or to the Grafs 
of your Meadows. The Horfe overlooks the Hen that 
turns up the Straw he treads upon, and never covets the 
few Grains of Corn which fhe picks up, as they chance to 
be flied from his Mouth. The Cow, which, by the 
Weight of her Foot, fometimes forces the Worms to come 
out of the Earth, never lays any Snares for the Sparrow 
that comes full Speed up to her, and greedily thrufts his 
Bill into the Ground, to carry off that Prey which he is 
not ftrong enough to force from its Shelter. The Beaft* 
of Burden, who exhauft their Strength for our Service, are 
no lefs valuable on account of die Cheapnefs of their 
Food : And in vain fhould we attempt to reward their La- 
bour by offering them Meats of the moft exquifite Tafte, 
which they would turn away from with Difguft. 

The Animals are then, from the very Difpofition of 
their Stomach, tied down to a certain Kind of JFood. But 

Man 
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Man is confined to nothing ;- and as. he has on his Tongul 
the DIfcernment- of all the Savours divided among the 
Animals, he has likewife in his Stomach the-FacuJty dl 
digellingwhateveris good and nourifhing. The Air, the 
Water, and the Earth are equally at Work for him, and 
every Year renews a Variety of Foods, many of which are 
known and ufeful, or even acceffible to none but him. 
The Shad and the Sturgeon, which feem to feek him out, 
in palling,, as they do, from the Sea into the Channels of 
Rivers, fear, neither the Wolf 's Jaw, nor: the Hern's Beak» 
And the Oyfter, which by opening offers the Dog an eafy 
Prey, is neverthelefs- fheltered from his Infults,,and ex- 
pofes the Invader to a.dangerous Miftake. 

If certain Animals, which are but few, and* moft of 
them but of fmall Size, as. the Dog, the Cat, theParrOti. 
and the Sparrow, can equally live upon the Fruits of Plants, . 
and theFleih of Animals or Infedts; this is in order to- 
procure the Gonfumption of the moft ufelefs Remnants, , 
and to fet Bounds to the Multiplication of certain Species. 
All thefe Appetites and Structures of Stomachs are Works 
varied according to the Views of a Providence which takes 
in all, which forefees every individual Inconvenience, and 
knows how to remedy it. by wife Precautions. Who will 
dare to blame that Providence for having made the Life of 
one Species to depend upon the catching of Fiih, that of 
another on the Ufe of the Flefh of Animals, and that of a - 
third Kind on the Pulp of Fruits, or even the Production 
of a fingle Plant ? It would be equal Raftwefs to criticife 
on thofe Referves and Diflributions, or to find Fault with 
the Univerfality of our Appetites, and to ftyle the Con- 
tributions, which every Element pays to the Stomach of. 
Man, Tyranny and u. lawful Ufurpation. 

But Metaphysicians will cry out, It is a Shame to exag- 
gerate in. this Manner a Dominion full of Injuftice, and 
to înfïft fb ftrongly upon Prerogatives that are uncertain, 
at the fame Time that you affeft in every Refpe£t to ex- 
tenuate the nobleft Privilege of Man, even. his Reafon. 
You will have it. confine itfelf to what it can learn from 
Experience. and Revelation, the latter of which you even 
look upon as making a Part of* common Experience. It 
is keeping Reafon in. Swaddling-clothes. How can that 
Reafon acquire any Vigour, fo long as you keep it im- 

prifened I 
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prifoned ? Let us free it from all its Confinements, that itf 
may take Wing and foar upwards;- we fhall fbon-find is 
capable of every thing. Oh I how happy Men- would be,- 
if we could but perfuade them to efpoufe our Notions h 
At leafl we may make them blufli at the Sight of their: 
own ExcefTes. The Domain which they affume to them- 
selves requires a moft ample Reformationr- Let us try to 
bring this about by wife Regulations. We èo not pretend:, 
to reduce Man all at once to too fevere an Abfunence. 
We will be contented at firft with demanding one fingle- 
Point ; for Inftance, e we Jball make it a Laiv to him never 
to touch any Kind of Fijb <wbatfoe<ver. 

This firft Regulation is made with more Zeal than Know- 
ledge. The Pifhes we are fpeaking of do not find their 
Food in the deepefl Waters r nor in the moft rapid Streams. 
The greateftPart of them live upon Butterflies, which fall 
at certain Times into their Abodes, or upon Gnats that: 
chufe to live near Waters, in order to lay their Eggs on 
them ; or they feed upon thofè fmall Worms and innume- 
rable In fèéls that fwarm, for the Service of Fifhes in the . 
Mire, along the Sea-coafts, in Creeks, under the Projec- 
tions of the Roots of Trees, or of Rocks, in every Out-let 
and Ditch, and generally in all Places where Water flag- 
nates, or is almoft ftanding. The watery Infècls difperfe- 
throughout thefè Retreats, where Fifhes come to fèek fer 
them. But fince the publifhing of the Law that forbids 
the catching of Fifti, thofe Creatures multiplied fo prodi- 
gioufly, that the fhallow Places where they refort, far froni- 
affbrding them the Quantity of Food they ftand in Need* 
of, can neither contain, nor even cover them.. Thefc 
Waters, when diminimed by the Return of the Heat,, 
leaves whole Heaps of Fiih on the dry Ground ; and their 
Fruitfulnefs becomes peftilential and fatal to us. 

Men muft remedy this as well as they can ; they moft' 
fly from the infected Places : But Injuftice ought not to 
be a Means of making them live eafier. Let us go on 
with our Reformation, according to the Notions of the 
all-wife Pytbagoras, and the Bracbmans his Difciples. Let 
us do nothing by Halves, and to the Law that forbids the 
eating of Fifh, let us add another, to prohibit, without 
any Mercy, the Ufe of whatever proceeds from terreftrial 
Animals» 

Fleeces 
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Fleeces fhall, for the future, clothe no other Creature 
but the Sheep they belong to The Milk of the Cow 
lhall not be eaten but by her little One. J he Egg of the 
Hen fhall not be taken from her. Man fhall leave Slaugh- 
ter and Blood to the Lion. It behoves the Animal en- 
. dowed with Reafon never to touch the Skin,, or invade 
the Liberty of thofe that have not an equal Reafon to de- 
fend themlelves from him. Flax and Cotton fhall fuffice 
to fupply him with Clothes. Let him tye a Piece of 
Éoard under his Feet, to preferve them from Hurt. If 
he is moderate enough to confine himfelf to the Ufe of 
Plants, he will have what Food, Lodging, -and Clothes 
he Hands in need of. 

Let us now fee the Confequences and Effects of this pre- 
tended Reformation. We obferve in the voracious Species 
of Animals, fuch as the Wolf and the Bull-Dog, a Singu- 
larity not void of a Defign on the Part of the Creator. 
The Male is angry at the Fruitfulnefs of his Female ; and 
forefeeing, as it were that this Teemingnefs threatens him 
with many a dreadful Rival, he endeavours to rob his Fe- 
male of her Whelps, and then tears them to Pieces. We 
fhall find the Fecundity of BirJs of Prey ilill more limited,, 
both from the Difficulty of fupplying their Young with 
Food, and from the perpetual Dangers with which their 
warlike Manner of living is attended. Providence hin- 
ders the dreadful Species, though ufeful in fome Refpecls,, 
from becoming hurtful by an exceflive Muliiplication, 
Nothing, on the contrary, more fruitful than domeftick 
tame Animals. The Hen, the Dove, the Goat, the Ewe, 
and many others, but, in particular, thofe whofe Flefh is 
good and palatable, are eafily fed and brought up. 

The Animal, which is fit to nourilh none but working 
Country-people, may bring forth twelve or thirteen young 
Ones at a time, and make us the fame Prefent thrice in 
one Year. Now if domeftick Animals multiplied fo much 
when they were killed freely and every Day, what muit 
become of them for the future ? Ever fince the Publica- 
tion of the Law that debars us of eating the Flefh of Ani- 
mals, or of ufmg them as our Property ; they no longer 
know the Bridle, the Hook, or any other Rule. The 
Fields, now open to them, are quite full and overcharged 
with them. Our Crops and Fruits are more theirs than. 

' ours. 
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ours. The Ewe, incredible ! becomes our moil dangerous 
• Enemy : She fcorns the Grafs of the Fields, and as long as 
(he can find any Ears of Corn, (he pretends to enjoy the 
Advantages of the fine Seafon, and all the Sweets of her 
Independence. Nay, we mull not even fiatt-r ourfelves 
with being able much longer even to lhare them with her. 
Being now deftitute of all Power oyer the Liberty and Life 
of Animals and reduced to the Service pur Aims can do 
u«, we can no longer take their Clothes from them, nor 
procure any to ourfelves, nor even cultivate our Grounds. 
Thé latter are as much their Patrimony as our own. What 
Title could authorize us to appropriate them to ourfelves ? 
The deferted Countries are n^w covered with Briars and 
Brambles Anarchy and Confunon render the Earth a 
frightful Habitation : All is void of Rule and Culture up- 
on it : There is no enjoying any thing there with Security, 
becaufe every thing has been rendered common : And in 
Confequence of this new Reformation, Man is fufficiently 
happy if he can prudently fupport himièlf by iharing with 
the Swine the Mailage of the Foreft. 

If then Man does not feed merely on Bread and Acorns, 
but alfo upon every good Thing God has created; he does 
not do it becaufe he has ufurped any thing, but becaufe 
God has indeed given every thing to him, God is the 
Author of the Privileges as well as of the Wants of Man j 
. as well of thofe Things that would have attended his In- 
nocence, as thofe that are the Punimment of his Crimes* 
He fends him hither with Hunger and Thirft, with Dan- 
gers and Difeafes, and deftitute of Clothes and Weapons ; 
. Thefe are all his Wants. But he gave him Senfes, that he 
might quickly difcern what is good, without even confiait- 
ing.his Reafon. He gave him Hands, that he might lay 
.hold of and faftiion whatever can nouriih, cure* or defend 
'him ; he gave him a Stomach capable of digefting the 
Foods tried by his Palate. Thus, totally naked and defti- 
tute, Man was provided with every thing by the Creator, 
God has ihewed him the Proportion he had eftablifhedl 
between his Organs and all that furrounds hirn : He has 
determined him, by Neceilities of every Kind, to the 
Exercife of his Faculties. He has therefore appointed 
him full PoiTeflor of the Earth ; and it is his Dominion 
alone that can maintain in it the Or&r which Anarchy 

would 
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would infallibly overthrow. But, we fhall fee in its pro- 
per Place, that God, at the fame Time that he railed 
Man to the Glory of refembling him by fo honourable a 
Seignory, has moderated the Uie of his Faculties by 
means of his Confcience. The fame Experience that 
made Man fenfible of his being upon Earth to poiTefs it,, 
has informed him that he (hares this Lordfhip in common 
with other Men : That he cannot even enjoy it without 
their Afliftance, and that they have all of them the fame: 
Privileges as himfelf, iince they are equally the Images of 
that Being which governs all, and are equally endowed 
with Underftanding and Power. 

It is indisputably evident, that as the Lion, from viewing, 
his own Claws, is acquainted with his Power, and is flop- 
ped or retrained by no Law whatfoever ; Man likewiie^ 
by die Knowledge of his own Faculties, and his own Con- 
fcioufnefs, knows what his Privileges and, his Obligation», 
are. He cannot poffiJ)ly be ignorant of them. It is equal- 
ly true, that as the Power of the Lion is confined to ter- 
reftrial Animals, becaufe God has fhut up all the Avenues 
of the Air, and the watery Main from him ; the Power 
of Man extends to the Birds and Fifhes, becaufe God per- 
mits his Hand to reach them. Let us fay all in a Word. 
The Power of Man is as extenfive as his Faculties and 
his Abode. Therefore his Domain is univerfal, and it 
never degenerates kito Barbarity, but where the Contempt 
of his own Confcience makes him a Monfter inftead of a 
Man. Thus we fee the perfed Agreement of Experience 
and Reafon with the Scripture. 

Reafon goes aftray on no other Account, but becaufe it 
will either go firft, or even walk alone. Whence it hap- 
pens that- the Indian Philofgpher has a Refpect for the: 
Blood of a Fly, while the Brajtlian drinks up that of his 
Fellow-creature:. 

But if Revelation is not heard among theft Nations,. 
Experience and their own Confcience fpeak to them at 
leaft. Both inform them, that Man was made to rule over 
the Earth, but that all his Fellow creatures fhare the fame 
, Dominion with him ; whereas the Animals are fo many; 
Inftruments and Provisions which God animates and mul- 
tiplies for our Ufe, and which would throw every thing 
into a general Confufion,, if we might not lay our Hands 
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upon them. The Voice of Experience, and of our Con- 
fcience, has then taught us at all Times, that the Virtue 
of Man does not confift in abstaining from every Thing, 
notwithftanding his being fenfible of his own Privileges ; 
but in making Ufc of every Thing with Moderation and 
Juftice. 

It muft be confeffed, however, that notwithflanding 
the uniform Inftru&ions Man every where hears within 
and without himfelf, his Reafon, blinded by his unruly 
Defires, and fond of being its own Guide, would, in 
many Things, be riven over to Darknefs and Uncertain- 
ty, to dangerous Delays and fatal Miftakes, if Divine 
Revelation had not come to his Affiftance. Reafon is not 
our firft Rule in point of Manners, and in the Ufe of our 
Faculties, any more than in the Determination of reveal- 
ed Truths. It follows the Rule, but does not make it. 
Its Glory and Tranquility, both in its Conduft and its. 
Belief, confifts in being ever the Difciple of Revelation. 
If we had been educated among the Cannibals of Terra 
Firma, or the Man-eaters of BrafeU a long Habit, toge- 
ther with the acceflary Idea of compleat Power, would 
make us find a Shadow of Juftice andPleafure in what 
muft caufe in other Nations nothing but the moft horrid 
Loathing, and the total Revolt of their Heart, their Rea- 
fon, and their whole Being. 

This Inhumanity, the Conference of Pride and An- 
ger, feems to have been univenal before the Flood. One 
may judge of the Disorders that are reigning in a certain 
Age, from the Nature of thç Laws which they give Birth 
to. God had given Adam a full Power over the Bleflings 
of the Earth, and the Aniiaals of the three Elements. 
Cain bufied himfelf about the Culture of Fruits* and 
AM with feeding of Flocks : 'Tis likely they both lived 
upon thefe Things, as they both teJHfied their Gratitude 
for the fame, by referring for the publick Offering the 
fineft of Fruits* and the fatteft Beafts of the whole Flock. 
This is the Beginning of the Dominion and Adoration 
which have continued ever fince. 

God, fer from giving Noah a Power more: exjennVe than 
that he had given to Adam, gave him the very fame Pre- 
rogatives he had granted to the firft Man, viz. the free 
Ute of terreftrial Animals, of Fifties and Fowl*: But he 
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did it with a Reftrictidn. When he permitted Noah to ufe 
the Flefh of Animals, he forbad him, at the fame Time, 
to eat the Blood of them. What could be the End of this 
Referver It aimed at flopping that Spirit of Revenge and 
Ambition that feed with Delight upon the Blood of a con- 
quered Enemy : An execrable Cuftom ! that was alway» 
renewed in Places removed from the Body of Society.' In 
fhort, there was no furer Precaution to render the Blood of 
Man refpectable, than a Law that caufed the Blood of 
Bcafts themfelves to be refpected. In the univerdl Depra- 
vation which Idolatry had introduced into the World, the 
fame Law was perpetuated in the Nation which inherited 
the Promifes. Before the Grace of our Saviour came to- 
reform the human Heart, the Law required, above all 
Things, an Abftineuce from Blood, becaufe the Virtue of 
thefe tranfitory and altogether cautionary Laws, coniifted 
in containing Families within the Bounds at leaft of the 
outward WoHhip of the true God, by deterring them from 
Vengeance, Inhumanity, and enormous Crimes. 

But if a ufeful Polity was at leaf! procured by that means, 
why then has theGofpel, the moft perfect of all Doctrines, 
abrogated fo wife a Law ? It is becaufe Prohibitions and 
Precautions are perfectly needlefs to hinder the Cbriftian 
from feeding upon the Blood of his Fellow-creatures, iince 
he is taught in the School of Grace, not only tj love his 
Fellow-creature, but alfo his Prifoner and his Enemy. 
Nothing is more fecure than what we love, and that fingle 
, Article ihews us, that the Law of Noah, that of Me/ès, 
«id that of Jéfus Ckrijï> are the Work of a Wifdom 
which takes in all Ages without Exception. 

5. The Stomach of Man is not the only 
Th« Mouth. Part of his Body that feems, by its Func- 
tions, to have a near Affinity with that of 
the Animals, at the fame Time that it has a Degree of 
Excellence that raifes it much above them. It is the fame, 
with the other Organs of Man. Let us, in the handling 
of fb fruitful a Subject, be contented with the firft Re- 
flexions which (he Structure and Operations of his Mouth, 
naturally raife in our Mindsr. 

What a Combination of various Cautions and Opera» 
rions is it! VaftPràifes have been bellowed on Tcrruellius, 
Pafchal, Guerric, and Boylt, for having obferved the over- 
powering 
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powering Preflure of the external Air upon what does not 

contain any other Air or Fluids capable of refilling that 

Preflur-e. They are looked upon as the Fathers of modern 

Phyfics * becaufe they have led us through Experience to 

many Truths never perceived before, and fruitful in Con- 

fequences, by either inventing or improving fuch Machine* 

as (by the Subflraftion of the Air contained in them) pre- 

fently evidence the full Force of the ambient Air, deititute 

of a Counterpoife. What thefe great Men have executed 

with fo many Praifes on our Part, is ftill more wonderfully 

«ffe&e4 by the Lips of a new-born Infant. They apply 

themfelves to the Bread of the Mother, without fuiFering 

any Air to enter into the Mouth. The Lungs attract to 

themfelves the Air that was contained in the Mouth. The 

Tongue, by its Contrafticn, occafions a Vacuum which 

is not filled by any new Air. The Air, which from the 

whole Height of the Atmofphere does then exert its Prefr 

fure upon the Nurfe's Bread, finds no Refiftance in the 

Orifices of the Nipple furrounded by the Lips ; fo that the 

Milk mud needs be forced out of the Bread, and ruih 

into the Mouth of the Infant. Very often his little Hands 

will, without any foregoing Jnftrucuon, fécond the Attioa 

of the Air, and haften the Affiftance. 

As the Lips are the Rampart of the Gums, the latter 
are the Fence of the Tongue and of the Roof of the 
Mouth. The Gums are a Ccuple of true Bulwarks fhel- 
ving at the Foot, and rounded into two Platforms making 
a Semicircle, not only to form an éx aft Inclofure round 
the Tongue 7 but alfo to ferve as a Bails to the two Rows of 
Teeth, which have their Roots very deep in them, and 
there difperfe a Multitude of fmall Vefiels through which 
the Teeth receive their Life and Nourilhment. 

Thefe Instruments, chiefly appointed to grind 
,and dilTolve, are of a bony Subitance, and per- The Teeth< 
fe&ly hard. But as the Fundtion of thefe Bones 
is important, and their Work incefiantly repeated ; they, 
have been covered over with an Enamel harder ftill, which 
imbellimes the Mouth by its Whitençfs, and prefervca 
thofe precious Tools from the Friclion of mafly Foods, 
and the Infinuation of penetrating Liquors. 

The incifory Teeth fill the forepart of the The eight J«- 
Mfouth, and are Four or rather Eight in ci f cr£U 

Num- 



4 6 DIALOGUE III. 

Number, fince there is a double Row of them, on Account 
of the double Jaw. They are thinner at the End like a 
Wedge, and as (harp as Knives, that they may bring to a 
convenient Shape the Quantity of Food which the Mouth 
can contain and difpatch. 

The two Canine Teeth which accompany 
Tbe Two Câ- the four Incifores, one on the Left, the other 
hint Tteth. on the Right, are rounded longer than the 
reft> and end in a Point, that they ma/ 
break and cut up what is fibrous and capable of Refinance* 
All the Teeth that come next, and are to* 
The Twenty gether, fometimes Sixteen, but more com- 
Moiares. monly Eighteen or Twenty in Number, have* 

a fquare Surface that grows wider and wider, 
as the Tooth is deeper in the Mouth. They are called 
Moiares or Grinders ; becaufe when the Upper-teeth apply 
their Surface againft that of the inferior ones, they vifibly 
appear to be appointed to grind. The Effect of this Dii- 
pofition is to render the Trituration finer in Proportion as 
the Meats advance under wider Grinders, and draw near 
the Pointât which both Jaws being united, have, on that 
Account, the ftrongeft Action. 

The Incifores, which offer firft, cut out what mail be 
the Talk of the others. The Canine break through every 
thing, and fafhion the Work. The Grinders pulverize; 
the whole, and by a fufficient MafHcation completely fpare 
the Stomach the Overplus of the Work it mull have with 
Pieces barely quartered. 

All thefe Pieces, though totally void of Intelligence, 
yet do nothing blindly, but, on the contrary, unanimoufly 
work for the fame Purpofe. What can be the Wifdom 
that guides them ? Is it that of Man ? But he is com- 
monly fervéd without knowing the Artifice of this Prepa- 
ration ; and the Undemanding of the mod fkîlful Anatô- 
xnift has no manner of Share in it. Here, as well as in 
any other Cafe* the Goodnefs of the Infiniment is a great 
Relief to human Reafon: But the Superiority of the lat- 
ter is (till maintained, fince it was left to its Sagacity to 
try and improve every Thing by Codtion, by proper Mix-* 
tures, and a juft Sealoning. 

The Tongue is not a Mufcle, but an amazing A (Tern* 
-blage of various Mufcles joined together, It may in an ; 

Initant, 
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\nftant, and without any other Preparation than the bare 
Defire or Intention of the Perfon that ufes it, fucceffively 
lengthen, lhorten, fwell, growfharp, round, flat, orftiff J 
it may bend, turn about a thoufand Ways, and beat now 
againft the Roof of the Mouth, and now againft the End 
or the Root of the Teeth, and make Motions with a Vo- 
lubility in many Reipects fuperior to that of the Tongue 
tof the Nightingale. 

It is bordered, efpecially about its Root, 
with Glands full of a Water fomewhat fait The Salivary 
and faponaceous, which being iqueezed out Glands. 
of them by the Motions of the Tongue and 
Jaws, runs into the Mouth at Work, and helps on the 
Deglutition. 

At the very Root of the Tongue begin a Couple of Pipes 
laying one above the other, called the Oefophagus, and 
the Trachea. The firft of thefe. Duels takes in the Drinks 
and Foods, and conveys them into the Stomach; the other, 
which is more internal, as it lies under the Oefophagus, 
conveys the Air into the Lungs in Infpiration, and conveys 
it back in Expiration. As foon as any thing but Air en- 
ters into the Trachea, either comisg from without, or by 
Expectoration, it experiences an. immediate Tremor which 
fhakes all the cartilaginous Rings it is compofed of; and 
then it makes an Effort to free itfelf from tnat ftrange Body 
by a Convulsion which is called Coughing. One can hard - 
ly conceive, that notwithftanding the Danger of letting the 
lead Body whatfoever fall into the Trachea, the Creator 
has neverthelefs placed above the very Orifice of that Ca- 
nal the Mouth of the Pipe through which all our Victuals 
and Foods are to be conveyed in o the Stomach. But, by 
an Artifice, the Boldnefs. whereof is worthy of the great 
Author of all Mechanics, there happens to be at Top of 
the Trachea a fmall Draw-bridge that rifes for the paffing 
t>f the Air in and out of the Body, and is let down fo as 
to (hut exactly the Orifice of the Canal at the very Inftant 
that the minuteft Particle of eitheir Solid or Fluid offers at 
the Oefophagus. What constitutes the chief Beauty of this 
Precaution, is, that the leaft Quantity of Food imaginable 
preflès) in its going down* the Nerves of the lower Part 
of the Tongue, whofe Action is always followed by the • 
Bridge being let down upon the Trachea, before the Food 
or Drink can reach it. But 
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But thefe Wonders, which no one can have fo much as 
a Hint of without being amazed at them, are as much 
multiplied throughout the human Body, as the very Or- 
gans of it are, that is, altogether innumerable. The Ana- 
tomifts obferve them to the beft of their Power, they alEgn 
Names to them, they know the A&ion of thofe that are 
m oft perceptible, aad difpote upon the Ufe of the reft, 
but they at the fame Time confeis that the Structure of aU 
isj to any ftridt Enquirer, an Abyfs that fwallows up both 
our Eyes and our Reaibn. 

However, if this Structure, which has a great Affinity 
with that of the Body of the Animal, was perfectly un- 
folded to us, we mould not, however, make it our Topick 
here ; as the Plan we have laid for our Rule is to eftablifti 
a Refemblance of God in Man. Tn what then does the 
Mouth of Man fhew him to be appointed to prefide over 
every Thing on the Earth ? 

The human Voice, which we have not 
The Voice. yet mentioned, feems to be but little fit to 

promote our Defign, fincethe Animals have 
a Voice as well as Man, and one cannot afcribe a Mouth 
or Voice to God, otherwife than in a figurative Senfe. 
'Tis true, the Birds, the terreftrial Animals, and many 
Infects have a Voice, Cries, Hiflings, or Hummings, which 
they make Ufe of to inform one another, and which they 
vary to exprefs their Anger or Content, their Alarms, or 
the Acquifition of what they like. But the Variations of 
their Voices are as much confined as then* Concerns and 
Relations. Speech, on the contrary, puts an immenfe Di- 
ftance between Man and the Animals. There is nothing 
in Nature but what the human Voice can exprefs by fo 
many Articulations or Inflexions. Man (peaks of every 
thing, becaufe there is nothing that is not, in fome Re- 
fpects, mbmitted to his Judgment or Authority. Speech, 
which extends to all the Objects in the Univerfe, and their 
feveral Ufes, does then declare the Extent of the Preroga- 
tives and Rights of Man : And it riot only places the Ani- 
mals very much under him, but even makes him thè fole 
Images of God upon the Earth. 

The Merit of Speech does not confift in Noife, bat in 
an Univèrfaiity of Signification. Man can exprefs his 
Thoughts Yery variously. Pbik8ete$, when he {hewed 

with 
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with his Foot the Place where the Arrows of Hercules lay; 
doubtlefs was unfaithful to his Friend, fince he had promifed 
him never to tell where he had depofked them. Now, if 
making one's felf underftood is the fame Thing as {peak- 
ing, we may of courte fpeak with the Foot, the Eye, or 
the Hand. A Man who feems tranfported with Joy, or 
overwhelmed with Grief, has already told us many Things 
before he opens his Mouth. His Eyes, his Features, his 
Gefture, his whole Countenance correfpond with his Mind, 
and make it very well underftood. He fpeaks from Head 
to Foot : All his motions are fignificant : His expreflions 
are as infinite as his Thoughts, and we have fufllcientiy 
obferved in another Place, that his Signals, his Tokens, 
Writing, and various Monuments, extend to all Places, 
and deliver down his Intentions to remoteft Poilerity. But 
his Voice takes the Place of thefe Signs whenever he pleafes : 
And it is not only equivalent to them, but even fufficient 
alone to give to underfland very diftin&ly what they can- 
not exprefs when combined together. » It is the molt pli- 
ant of all Inftruments, and the prodigious Variety of the 
Sounds, with which it fbikes the Ear, makes it the moil 
convenient Means to form a Series of Sig< s, and conneci 
a Series of Thoughts with them, The Monuments of the 
Birth of a Child, that was appointed to % be*the Lord and 
Saviour of Mankind, may from Age to Age fill up the 
Thoughts of Minds intent upon diflinguifhing their Mean- 
ing and Purport. But a Minifter of the Goipel, who is at 
the Head of four thoufand Pariflioners, may, all at once, 
and by the fingle Motion of his Mouth and Lips, collect 
in their Minds the feveral Proofs of that Birth, and there 
awaken all the Sentiments it naturally infpires us with. 
He at once tranfports his four thoufand Auditors near 
eighteen Centuries higher back than the Moment in which 
he fpeaks. They are now going to be one Company with 
the Prophets, the Angels, the Shepherds, and the Magi. 
All of them are moved, of at lealt acquainted with the 
Excellence of their Vocat'on. Such is the Power granted 
to one Man, to one fingle Tongue. It has the Privilege 
of fixing the Attention, and working upon the Hearts of 
the Multitude, of turning their Thoughts upon God and 
his Works, upon paft and future Things, upon their own 
ill Conduit, and their true Interefl and Concerns. 

Vol. V. D Man 
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Man makes himfelf underftood in a thoufand different 
Ways, and Speech was fuperadded to all thele Signs, that 
)\e mould not want any Means of explaining himièlf clear- 
ly. Eut in this Privilege, which Man alone enjoys, ofcom- 
j îur.icating his Thoughts to all about him, to thofe who 
ire at a Diftance from, and thofe who fhall come after 
I im, who but muft difcover the fole Image and Reprefen- 
^:tive of God upon Earth! God does in reality fpeak 
proughout nil Nature, nor was it made for any other Pur- 
;ofc but to declare his Intentions. We fhould in vain fay 
k a Man, th t we intend to do him Good, if we did not 
; ilnl orir Promifes ; but when we do him a piece of Ser- 
r : ce on an urgent Gccafion, that Service fpeaks for itfelf : 
f ur Friendfhip is truly eloquent, and the Man is fully fen- 
t ble of cur Love to him, without the Affiftance and In- 
terpretation of Compliments, *nd verbal Proteftations. 
All that we have already obferved of the Speftacle of Na- 
ture, and all the other Things ilill to be fubjoined to it, 
are nothing but a Series of Bounties, an inffcruclive Order, 
a Chain of everlafting Teilimonies and Monuments of this 
great Truth. All Nature is then the Voice of God, and 
jhe Expreffion of his Will. Who has not heard the Voice 
i f the Heavens ? In what Place does not God fpeak to all 
Mankind, and to everyone in particular ? He addrefles 
limfclf to the mod wicked, and declares his tender Love 
br him, by letting his Sun rife upon him as well as upon 
J îe good Man, and by making him Copartner. of the Juft 
in the free Ufe of his Favours. Wifdom cries aloud ; its 
Voice is dilUnftly heard in the Silence of Retreat, as well 
as in the AfTemblies of the People, who mutually commu- 
nicate its Gifts and Inftru&ions to each other. It is heard 
upon the Mountains, which it covers with ufeful Forefls 
for our fake ; and in the plains, where it yearly renews 
thofe Crops and Hai veils by which we are fed. Iris heard 
upon the Waters, through which it has opened us a Way, 
and in the Bowels of the Earth, where it prepares for us 
Stones, Slates, Metals, and all the Matters that are fit ei- 
ther to cover or fupply us with Furniture. Man is then 
the Image, and the fole Image of God on the Earth, fince 
he is the enly Creature on it, that can judge of and exprefe. 
his Mind concerning every thing. 

Here 
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Here is another Particular that fets off the Excellence 
of Speech. In the Silence and Quiet of the Night, which 
affifts me in comparing the Univerfality of the human 
Speech, with the Univerfality of the Language of God, 
my Ear is fuddenly ftruçk with delightful 
Sounds : I hear a grand Chorus of folitary Singing. 
Men finging in my Neighbourhood*. The 
Signal that calls them together is hardly over, but a loud 
fonorous Voice addrefles them in the following words : 
c< O come, let us fing unto the Lord, let us make a joy- 
«• folNoife to the Rock of our Salvation." The Chorus 
anfwers this Invitation ; the Voice begins again, and I 
hear them finging on by Turns in the fame Strain. 

Two new Advantages offer here at once, both of which 
Can give a Hill greater Splendor to the Merit of the hu- 
man Voice ; the firft is the Prerogative of {peaking to God . 
him&lf, and the other that of adding the Sweetnefs of Me- 
lody to the Ufefulnefs of the Signification. 

This might, perhaps, feem the propereft Time for us to 
point out what Share the Body takes, by means of Speech, 
and by the Union of many Voices, in the Worfhip which 
Man is bound to pay to God, both for himfelf and in the 
Name of all his Fellow-creatures. He fpeaks to God as a 
Friend fpeaks to a Friend. It is the fame Confidence ; it 
is the very fame Effunon of Mind ; »and God, far from 
taking any Offence at fuch a Familiarity, is, on the con- 
trary, never offended but at our Silence. But it is much 
better, for the prefent, to lay afide the immenfe Subject 
of Religion, than to mention one Part of it feparately, 
without treating of the reft. Let us then be contented 
with only confidering in the human Voice, that amazing • 
Pliantnefs, which, sfter having fupplied the Expreffion of 
all our Wants, ftill affords a Melody capable of affwaging 
our Toils, and of enter caining us in our Solitude. 

In every thing Man alone unites the Prerogatives that 
have been granted but fingly to any particular Species. 
He poffefles them all, and, by their Re-union, enjoys them 
in a much fuperior Degree. Birds fly indeed ; but Man 
navigates, and this is a great deal more. All Animals 

* The Author has lived a great many Years, and lives ftill by a 
Convent of Monks, at Paris, 

D t tranfport 
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tranfport themfelves from one Place to another : Man alone 
enjoys the Privilege of caufing himfelf to be carried. Se- 
veral Species fing ; but their Singing is ftupid, or altoge- 
ther void of Signification. The Melody of Man alone is 
an intelligible Language that charms the Ear, that fills, 
the Mind, and is heard by God himfelf. 

Nextto the ordinary Ufe of Speech, which 
The Charms con fiits in fignifying our Wants and Intenti- 
of Singing. G ns, it is a great Comfort to us, to be able 

to procure to ourfelve3, by means of the fame 
Voice, the Delights of fweet Melody. The Attractives of 
it are fo very great, that the moil perfect Initruments, with 
which we fupport the human Voice, are always inferior 
to it. Some of them are dull, or hardly audible ; others 
are harfh, or fpeak as it were through the Nofe. Many 
will give none butinftantaneous, Sounds, without Continu- 
ance. Several of them will afford uninterrupted, but at 
the fame time inflexible, cold, uniform Sounds. Thofe,. 
which have a very full Sound, are apt to bellow; thofe, 
that have it very loud, are either fhri 1 or fqueaking ; and 
their Defects can never be concealed but by being drowned, 
in a grand Concert. A fine Voice, on the contrary, is a 
continued, pliant, delicate, or rather inchanting Sound. 
It is the fineil of all Sounds, as well as the fweeteft, and 
it is a Pleasure experienced by the Ear, but not to be ac- 
counted for by Reafon, that Sound alone has that peculiar 
Merit of being fufceptible of all imaginable Tunes and 
moving pathetick Notes. Properly fpeaking, there is no 
other Sound in Nature that has a Soul in it. 

But, whether you are willing to give a peculiar Attention 
'to the noble Harmony which is produced by the Union of 
feveral Tones and Voices, or overlooking the .Beauty of 
the Agreement of Sounds, and are more particularly af-, 
fected by that raviming Melody which remits from the 
Inflections and Judgment, whereby a Song is adapted to 
the Subject, or the Paflions of the Mind; in both Cafes, 
. that Song never ceafes to be a Language, or elle it would 
be unworthy of Man : Now, every Language ought to be 
intelligible, fince we never fpeak but to be underltood : 
The Melody affames to itielf the Turn of the Paflion and 
Sentiments of the Singer : It is a delicate Imitation of their 
Character : But it flill has a Refpett for the greateft Pre- 
rogative 
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rogative of Man, even that of thinking, and of exprefling 
bis feveral Affections. The Sound, which proceeds from a 
lifelefs Inftrument, may, as well as the Notes of the Night- 
ingale, amufe our Ears for a few Moments ; but, the Sound, 
produced by the human Voice, ought never to be void of 
Meaning ; other wife it degenerates into an Abfurdity. It 
is even that the Meaning of a Song may pleafe and afreft 
.more ftrongly, that we add to it the Symphony of a Scries 
of delightful Sounds. If that Muiick is {0 much clogged 
with Ornaments, and runs diviûons with fo much Swift- 
nefe, that the Meaning of it can no more be underftood» 
it is no longer what we call the Voice of a Man. It iâ 
the Noife of a Machine combined with many others ; and : 
in that Cafe you fee nothing but a Multitude of open - 
Mouths, fliiniog Teeth, and quavering Lips, v^ry bufy 
about telUag yo.u nothing. 

Man confider'd as Governor; 
Proved from the Excellence of his Senfes. 
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IT is the Bufinefs of the Anatomift, learnedly to demon- 
ftrate by the Enumeration, Sorting, and AfTemblageof 
the Organs of the human Body, the Wifdom of thofe Pre- 
cautions that facilitate its Action, and affift it in the exert- 
ing its Superiority over all the Animals. As for us, we 
ought to be contented with fetching our Proofs from what 
can be offered to every Eye, without any Apparatus or 
Study. Such is, for Inftance, the Excellence of our Senfes. 
They are the trueMinifters of our Knowledge and Sciences, 
and it will not be improper to enquire into the exac"t Value 
of them, efpecially after the many Efforts made by the 
Moderns to difcredit them. 

God, whether he is willing to lead us to Salvation, or 

communicate to us the Knowledge and Ufe of created 

D 3 Things, 
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Things, always inftru&s our Reafon by the Mediation of thé 
Senfes. But the Philofophers cry out: Never Men toyotir 
Senfes; but to Reafon, and Reafon alone. That will teach 
you every Thing; which will lay all Nature, and the very 
Order of the divine Decrees, open before your Eyes. 

Thefe Promifes are frivolous ; and w/henever the Philo- 
fophers have attempted to proceed in this Manner, which 
is not that of God, they never brought us to any Know- 
ledge that was either fufficient or fatisfaftory. A Reafon 
that will walk alone, and never takes any but metaphy- 
seal Steps, is a Reafon either actually wandering, or ready 
to go aftray : Whereas it advances from Truth to Truth, 
and bears a moft real Sway over all the Earth, when, ac- 
cording to the Inftitution of the Creator, it walks in Com- 
pany with all its Senfes, and informs itfelf, through their 
Miniftry, of what it can afterwards either govern or im* 
prove by Means of its Difcernment. 

Afk a Man born blind, what Colours muft fhine in the 
Heavens when he turns hi? Back to the fetting Sun, and a 
few Drops of Rain are falling on the oppofite Side. Such 
a Man, though never fo judicious, is a perfeft Stranger to 
Light and Colour : He underftands neither the Refraction 
nor the Neceffity of the Return of certain Rays into his 
Eyes. Nor will he tell you of the Iris, but what he 
knows of it on the Teftimony of his Ears. But the Ear, 
being not appointed or framed to judge of Colours ; his 
Reafon remains helplefs in that Refpett ; and, whatever it 
may pretend to conceive of the Beauty of the Rain-bow, 
will be little better than a Dream. 

Prefent to Defcartes a Pine Apple frefhly cut off from 
the Stalk, and perfectly ripe. Defire him to examine the 
inward Frame of that Fruit which is but juft begun to be 
cultivated in Europe, and from that bare Infpe&ion to tell 
you what the Talle of it muft be. We have a . Right to 
demand every Thing frcm a Reafon like his, which com- 
prehends and accounts for every Thing. This Reafon was 
ftrong enough to fetch out of the Idea of homogeneous 
Matter, primitively put in Motion, the Generation of the 
World, and the true Structure of the Planets and Stars : It 
has feen Man, the Animals, and all living Creatures, di- 
ftin&ly proceed from the fame Matter ; and its knowing 
the Caufe in the moft diftintt Manner, argues the Necef- 
fity 
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fity of its knowing likewife the Structure of the Animals 
and Plants, which are only the Effects of that Caufe. It 
will then be an eafy Matter for Def cartes to determine the 
Mechanifm of the Germen of this Ananas, and to tell us 
before-hand what peculiar Tafte and Qualities it muft needs 
have. No, Dtfcartes will never find out that Savour in 
his Reafon, nor even in the Concurrence of the Elements 
and Veffels of the Fruit itfelf, after having analyfed an4 
directed it : His Palate alone can and will let him into 
» that Secret. But, if his Reafon proves altogether helplefs, 
when from the Structure of a Body which he fees and dif- 
fers at his Pleafure, he is to deduce the Neceffity of fuch 
and fuch a Tafte ; what muft his Attempt be, when he 
prefumes to recount the Generation of the Sun, and to tell 
us, the Sun is this or that, and nothing more ? He in- 
deed knows much lefs of it than he does of our Ananas. 

The Newtonians, who, like Whifton and others, have 
attempted to conftruft the Planets, and by Attractions and 
Calculations, to account for whatever paffed in them ; do 
-not give us a better Idea of their Phyfics, fince they are 
equally at a Lofs, and ftopt fliort by as infignificant a Sub- 
ject as the Savour of an Ananas they never tailed of. 

St ball y Beker, and all the Chemifts, may, with their 
Dinolvents, find more Qil, more Salt, more Earth, or 
more of certain Principles in the Ananas than in another 
Fruit, and they, will be ftillindebted to the Eye and Hand 
for that Difcovery : But they never will arrive, any more 
than we, at finding out the Tafte of that Fruit, otherwife 
than by having Recourfe to the Senfe appointed to judge 
of it. The Infpeftion of the Refidues remaining after the 
Analyfis gives the Chemift no manner of Right to- foretell 
whether that Fruit will be wholefome or hurtful. Expe- 
rience, as it has often been the Cafe, might contradict the 
Prophecy ; there being Spirits, and other Principles, which 
are either carried away or altered by the Fire, and in the 
Soundnefs or Union of which conflits the Goodnefs of the 
Fruit. 

Here is now a Set of Naturalifts that go to work in a 
quite different Manner, in order to arrive all at once at 
what can be found out of the real Value of the Ananas. 
They fcorn to throw away their Time, in recurring to Ge- 
neralities imagined by Reaibn, and which never caft the 
D 4 leaft 
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leaft Light upon any particular Cafe whatever. They firft 
put the Fruit in their Mouth, which is immediately over- 
flowed with a delicate Syrup, and is a great while after 
frill affe&ed with a Perfume which embalms it. They 
then pre fume fo far as to guefs that this Fruit will be 
wholefome, and the Prediction is justified by Experience. 
It is then die Province of our Tafte, primitively to tell us, 
in Conjunction with Experience, whether a Fruit, hither- 
to unknown to us, will, or will not be a wholefome and 
pleafant Fpod. This is the right Philofophy. 

It is the fame with any other natural Body. Let that 
of our Senfes, to which it may have a Relation, be what 
it will, we (hall judge of it by that Senfe. Our Reafon 
cannot pafs any Judgment upon it without Temerity ; the 
more fo, becaufe after having informed itfelf of that Body 
by its Senfes, it cannot give the leaft Hint concerning it, 
to fuch as are either deftitute of the Organs proper to that 
Kind of Discernment, or not placed within the Sphere of 
Activity of their Senfes. 

We might, inftead of one Example, alledge ten thou* 
fand, which will equally demonfirate that human Reafon 
ventures a great deal in attempting to walk by itfelf» and 
behaves very prudently, on the contrary, and anfwerably 
to its Condition, when it waits for and collects the lèverai 
Advices of its Senfes, which are the Infiniment* of a con» 
fiant and univerfal Initru&ion toit. 

Let us take Care, however, not to run headlong into 
Miftakes here, by enflaving our Reafon.. For if it can 
make Difcoveries without the AiTifiance of the Senfes, is 
it not jufi to affign a certain Province for Reafon, and a 
peculiar Diftridt for our Senfes? Do we not difparage 
.that fublime and penetrating Reafon, by making the Cer- 
tainty of the greater Part of its ufuàl Learning to depend 
.iipon the Teftimony and Experience of its Senfes ? If 
they had been given us to inftrudt our Reafon, and enable 
it ta aft, would they be fo imperfeft as they are ? We 
know no more than the Outfides of Objects by means of 
cur Senfes : And when we enquire intp the Principles of 
Bodies, or the Structure of the fmall Veffels, or the Aftion 
of the minutefi Organ, thefe Things prove altogether in- 
. acceflible to our Senfes. We muft repute as an In fuit done 
to Reafon, the Words of that Member of the Academy, 

who 
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who (aid, that the Anatomilh, and even the Philosophers, 
refembie our Hackney-coachmen, who traverfe backwards 
and forwards, and call all the Streets of Paris by their re- 
spective Names, but never enter into the Houfes. This 
Sarcafm is exactly true, when you fpeak of a Philoibpher, 
•who thinks that his Knowledge ends where his Senfes have 
no longer any thing to teach him. But let us leave fuch 
an abject Method to vulgar Souls. Is it not the Province 
of Reafon, when our Senfès fail us, to fupply and unfold 
the reft? Nay, was it not in order to oblige it to walk 
: without a Guide, that Senfes were given to it, in a Degree 
much lefs perfect, than to a great many Animals ? A Bird 
difcovers upon the Earth Seeds that are imperceptible to 
our Eyes. What is it that can be compared, in Point of 
Sharpnefs, to the fmelling of the Dog and the Birds of 
prey ? Do not the two Cornets, that ftand up an End over 
the Head of the Cat, render his Hearing fenfible of the 
ûnalleft Moufê ? Why then mould we raiie the Dignity of 
Man on Account of his Senfes, in which he is inferior to 
the Animals, inftead of deriving his Glory from the pure- 
ly intellectual Philofophy, in poiat of which he is fuperior 
to all ? This is the Qant which People are never tired 
with repeating^ _ 

Men may reverence the purely intellectual Philofophy 
as much as they pleafe. But as we are here making the 
Elogium of Man, we think it' our Duty, to draw the Mat- 
ter of it from real Advantages, rather than from fine 
Dreams, and Syflems independent of the Senfes. We 
take Man as he is, and we find that the real Progrefles of 
his Reafon are owing to the right Ufe it makes of its 
Senfes. I own that "you will find among Animals a few 
Senfations of a Sharpnefs fuperior to what we experience. 
But the Animals hardly excel us in more than in one 
Point, which is their peculiar Share of Perfection. An 
exquifite Smell is the Property of the Terrier, who creeps 
-thro* dark Places, and under Briars and Brambles ; and 
a fharp piercing Sight the Property of the Grey-hound, 
who afes it upon the Plain. Whereas Man may, by 
the re-union of his Senfes, be informed of what concerns 
him all over the Earth, and of what God has done for 
him in pail Ages. 

D 5 Place 
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Place a Horfe between two Parcels of Hay, or of Oat», 
which our Eyes and Smelling may perhaps judge to be of 
equal Goodnefs, and he never will mifs the beft, but will 
conftantly reject that which is old or impaired. The De- 
licacy of this Difcernment relates to his peculiar Intereft. 
But it is the Sum total of his Knowledge : He knows nei- 
ther on what Plain thefe Oats grew, nor what Meadow- 
will yield the beft Hay. He is befides perfectly infenfible 
of what has no Relation to his Condition or Way of Liv- 
ing. He takes no Delight in the Smell of exquifi te Meats, 
nor in the Sight of Gold, nor in the Arabian Perfumes : 
Whereas Man tries and gives a Name to every Thing. 
He oftentimes diftinguimes, with the flighted Glance, the 
Productions of one Province from thofeof another: And 
you will find in the Collections of Sir Hans Shane and Mr. 
Bonnier de la Moffbn, Samples of the Prefents which Man 
receives from one Pole to the other. After his Senfes have 
informed him of the outward Properties and real Qualities 
of thefe feveral Productions, he reafbns upon the Ufè that 
may be made of them : He compares them with fome 
others, or improves the one with the other. He fixes the 
Ufc of them, and by that Means the Effects, he obierves, 
are fo many Guides to him toward difcovering fbme new 
ones. Thus it is that his Senfes and Reafon, his Phyfics 
and his Pofleffions Were made to proceed always Hand in 
Hand. Thofe, who feparate them, talk fometimes very 
loud : But they are no longer in the Order eftablifhed by 
the Creator : They promifè to one Age Difcoveries that 
are the Ridicule of the next. Their Reafon evapo- 
rates, and their PofTeffions flip out of their Hands. Leib- 
nitz, centred in his own Ideas, brings forth Monades* and 
the pre- eftablifhed Harmony. Van Helmont promifes to all 
the World the Tranfmutation of Metals, and the univcrfal 
Remedy, whereof he has framed an Ideal Syftemto him- 
felf, and then dies without having effected any thing, and 
leaves his Family in a moft deplorable Condition. De/- 
tartes faw in his Reafon Gold and Iron proceeding from 
the fame Mafs of homogeneous Matter: Whereas Beer* 
baa<ve has feen, in a thoufand Experiments, that what is 
no Gold fhall never become Gold, and that what is Mer- 
cury fhall never ceafe to be fuch. 

Altho» 
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Altho* Man is already much indebted to his Senfes, 
for whatever he can know with any Exa&nefs of the 
(Economy of the Heavens, of the Outfide, and of the 
very Bowels of the Earth : Here is a new S.et of Fa- 
vours, which he receives from the fame Hand, and which 
are equal or even fuperior to the other Is he not folely 
indebted to his Senfes for the Knowledge of all that has 
paffed on the Earth ever fince its being inhabited, and for 
all the agreeable Inftruclions of Hiitory, which are (b well 
adapted to give him Prudence, and improve his Heart ? 
His Reafon may turn to its own Advantage the feveral 
Monuments offered it by its Senfes : whereas it finds with- 
in itfelf neither the Dates, nor the Events, nor the Motives 
of them. 

Again, God employs the Miniftry of the Senfes of Man, 
when he is pleafed to grant him a Treafure far more pre- 
. «ious than the bare Knowledge of Fads ; I mean the Gift 
of Faith and Obedience to the Gofpel. Reafon by it- 
felf can no more guefs the Choice of the Means by which 
God has been pleafed to fave Man, than it can, by its 
moft profound Meditations, guefs at pail Events, or at 
what is at the Centre of the Earth. But God did not fuf- 
fer it to be ignorant or even uncertain of what was fuffi- 
cient for it. The Monuments and fenfible Testimonies of 
what we are to believe or do are ever Handing. How 
perplexed Jleafon will be, if it muft fuggeitto itfelf the 
Rule of Faith and Morality ! But how eaiy it will be, on 
the other Hand, if that Rule is already made, if it pafîès 
from one Generation to another, and Man needs only have 
Ears to hear it*. 

The Senfes and Organs of Man are fo exquifitely match- 
ed, that by their Help, Reafon keeps a (Jorrefpondence 
with the whole Univerfe ; paft Things become prefent to 
it ; and it may exert its Prudence and Induftry, upon all 
God has placed on its Abode. What it is its utmoft Con- 
" cern to know, as well as what it knows is enough to regu- 
late it, is what it learns from the Senfes. It meets with 
nothing but Mifery and Uncertainty, whenever it centers 
within itfelf. It is confeious of its being itfelf nothing 
but Darknefs. It is fenfible, that far from being entitled 

Fides ex audita* 
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to defpife the Teftimony of its Senfes, its Appointment is 
to make Ufe of them, and that they arc the Means granted 
it to arrive at fome Kind of real Knowledge. It fhall not 
then frame a Set of Phyfics, or an Hiftory, or a Religion 
to itfelf ; But it will receive them from fome other Place. 
'Tis true, Reafon obièrves and judges ; it operates and go- 
verns : But that is always on Condition that the Senfes 
fhall never ceafe to be the Monitors and Miniilers of its 
Government They may be the Subject of the Complaints 
of a Philofopher that wants to draw Man out of his Sphere. 
But a judicious Mind, who knows the Privileges and Li- 
mits of human Reafon, will confefs with Humility, and 
yet with Gratitude, that the Senfes of Man, though li- 
mited in their Relations, are the firft Supports of his 
Power, and the very Instruments of his Salvation. 



The Power of Man; 
Proved from his Pleafures. 

DIALOGUE V. 

WE have juft feen how Man does, by the Concur- 
rence of his Reafon and Senfes, bear a truly uni- 
verfal Sway, which is the Image of that of God. But can 
we &y the fame of his Pleafures ? Let us take a View of 
them ; and we ihall find that they alfo are connected with 
the whole Univerfe. This may be made good with Re- 
gard to the moil infignificant and trifling Things. 

The Play- thing, that hangs about an Infant's Wade *, 
is compofed of a Piece of Cryllal that was cut off the fleep- 
eft Rocks of the Alps or Madagafcar f f and of Silver Bells, 
the Matter whereof comes from Germany or Peru. The 
Parrot, which is placed near that child to talk to it, was 

* That Play-thing, which is a Piece of Coral among the Engtijb, 
il a fmooth and bright Piece of Rock-Cryftal in France, 
f Oct of the largeft I Hands in the World, that lies Baft of Africa. 
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lent him from St. Domingo or Zanguebar ; And the Feather, 
which adorns bis Cap, was pulled from the Wing of one 
of the Qftridges that traverfe the Dekrts of Negro-land, or 
Zaara*. 

iiet us confider even the flighteft of our Repafts. How 
many Provinces vie with each other» and contend for the 
Honour of fupplying us with a glafs of Wine ? Do we prefer 
. a Difh of warm Liquor ? Canada presents us with its Ca- 
pillaires, the Caraccas offer us their Cocoa-Nuts and Vanil- 
la, China and Japan their Tea, and Arabia its Coffee. The 
Bitteraefs of thefe Leaves and Grains ihall be immediate- 
ly correûechby the pleafent Salt of the Canes that grow 
at Martinico or Cayenne. The Cup that holds this Liquor 
comes to us from Meaco + or Nan qui y §, from Saxony or 
Chantilly- Thus three Continents continue to fupply Man 
even with this meaneft of his Wants, which yet he may 
enjoy, and keep ftill within the Bounds of the ftri&eft So- 
briety. 

I fhorten the immenfe Lift of his Wants and Pleafures, 
by faying, that if he is willing to take a View of them in 
the Heavens, and upon the Earth, he may diftinguifh all 
the Points of the Globe by as many peculiar Contributions. 
This is one of the moô pleaiing Methods of framing a 
Geography to one's felf, and an Employment well worthy 
of him for whom the Earth was created. 

But -becaufe Man is able to procure to himfelf innume- 
rable Bieflrags, does it from thence follow he mull be the 
Image of God on the Earth ? Is not the Multitude of his 
Pleafures, on thecontrary, rather, a Dishonour than a Glory 
to him ? It is that very Rapacioufnefs, in afluming every 
thing to himfelf, that really betrays the Ufurper and the 
Tyrant. The Deifts aiTume an Air of Moderation when 
they thus cenfure our Pleafures ; and yet it has been ob- 
ferved, that .they have no Contempt for them, and that 
their Morals are none of the ftri&eft : But then indeed there 
is no Philosophy that is lefsconfequential and rational than 
. theirs. They look upon Man a» an animal that has no 
Superiority over the reft, and yet there is nothing which 

* The very heart of jffrica. 
f A great City of Japan. 
§ A great City of Ctaw.^ 
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we do not fee thefe Men difpofe of without Sciuple, They 
look with an Eye of Pity on the Dominion afcribed to us 
in Scripture, and at the fame Time difpenie with all the 
wife Rules that fet Bounds to that Dominion. Will they 
become wifer by turning Anachorets ? But it would be the 
higheit Degree of Extravagance in them to deprive them- 
felves of every Thing here below, and have no Hopes left 
any where elfe. Sure the Deift knows neither what he is, 
nor what he condemns, nor what he approves of, becaufe 
that Rcafon, which he takes for his Milbefs, was appoint- 
ed to liften, not to be liftened to. Let us then entertain 
that Notion of our Pleafures which Nature, Experience, 
and revealed Religion gives us of them. 

Pleafures cannot difgrace Man, as they are the Work of 
God ; nor do they render him criminal, fince they are a 
Gift of the Creator. The Power exerted by the Governor 
of a Province may aFord him an Opportunity of doing a 
great deal of Mifchief, and of committing many great 
Exceffes. But it is not his A uthority that co vers him with 
Shame; he is only difgraced by the Abufe of his Power. 
The Pleafures of Man, likewife, are, in the Order of God, 
fo many Proofs of the Excellence of his Condition. They 
never diflionour him but when he ufes them to Excefs, and 
overlooks the Intentions of him who created thofe Plea- 
fures, and who perpetuates the Diftribution of them. 

That Wiftlom, which created all Things, is the fame 
that came to reform the Diforders of our World. The 
only Thing it took to tafk was the Will of Man. All 
elfe was good ; nor did our Saviour prohibit the Ufe of 
them. 'Tis true, he every where prefents us with power- 
ful Motives for introducing Purity, Reièrve, Dignity, and 
Rule into our Aclions; but above ill, he infifts upon thefe 
Things with regard to the Ufe of- Pleafures. He repre- 
fented them to us as being the Objects of a lively Grati- 
tude, or as being, on a great many Occafions, the Matter 
of an excellent Sacrifice, and fometimes of a neceffary Pri- 
vation. But he neither condemned them as bad, nor fup- 
preffed them although they were dangerous,, He deprived 
us only of what was contrary to the primitive Institution, 
or of what a perfonal Difpoiition might render pernicious 
to us. Let any Man name, if he. can, one fingU Pleafure 
he has refufed us. 

He 
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He invites as to admire the Beauty of the Robe where- 
with God has clothed the Flowers of the Fields. He will 
have us confider the bright Colours with which God deck* 
the very Grafs of our Meadows. I know that this Invi- 
tation aims at more than barely making us admire the 
Flowers and Ornaments our Abode is adorn'd with. When 
he defires us to take Notice of the fond Care with which 
God vouchfafes to imbellifh tranfitory Creatures, deftined 
only to fupply our daily Wants, he thereby makes us fen- 
fible how dear we ourfelves are to the Providence of the 
Creator. But this is not debarring, but rather permitting 
and ennobling our Pleafures : It is teaching us at one Time 
a twofold Ufe of all Pleafures, which ought always to in- 
ftruâ as well as entertain us. Far from blaming that Clean- 
linefs that makes us wafh our Face, and perfume our Hair, 
he will not have that Practice interrupted even on the Day 
of a voluntary Faft, left the fuppreffing of a requiike De- 
. coram, which every one expeds to fee us obferve, fhould 
become the Publication of the Good which we were not 
bound to do. He honoured Marriage by affifting at a Wed- 
ding-feaft, and, out of Compaiîion for the Smallnefs of the 
Provisions of thcfe that gave it, he changed their Water 
into Wine; an exprefs Creation, which, far from prohibi- 
ting Wine, authorifes the feafonable and innocent iViirth 
refulting from the excellent Quality of that Liquor. Nay, 
he even honoured with his Praifes the Profufion of an ex- 
quifitc Prefume, becaufe an excellent Motive was the Prin- 
ciple.of it. You fee him ever intent, not indeed on pre- 
fcribing fuch or fuch an Abftinence to us ; but on recalling 
• Man to what is the life of Religion, w*. the Love of God, 
and of one's Neighbour, which only inclines us to honour 
the one, and be helpful to the other. He lived in the com» 
mon Way, and never infilled, like other Lawgivers, on 
meer Forms of doing this or that ; which Forms may in- 
deed very ufefuliy prevent or punifh our Faults, but may, 
at the fame Time, fubfift with the ftrongeft Paffions. He 
(hikes at the Paffions themfelves, becaufe the reforming of 
our Will necefTarily regulates the proper Enjoyment of 
thofeBieffings, it had before made an ill Ufe of. The Difci- 
plcs of our Saviour, moved by his Divine Spirit, have taught 
us, that whatever came out of the Hands of the Creator de- 
fexves and commands our Gratitude. Their Doctrine, as well 
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as his/concerning Pleafures, teaches us to deprive ourfélves 
of them, in order to be more free and lefs diverted from 
the Service of t*od, or to govern the Ufe of them merely 
according to Charity, or the prudent Management of the 
Church, to whom it belongs to rule her Children *. 

If we even examine the primordial Deftination of all 
Pleafures, we lhall find in it the Chara&eriftics of an im- 
menfe Goodnefs and a fovereign Prudence. The tender 
Regard of God towards Man, mines moft confpicuoufly 
both in the Quality and the Number of the Pleafures he 
has imparted to him. He has made their Attraftives in- 
herent to whatever is moft neceiTary, and multiplied their 
Number with a kind of Prodigality. What a Splendor in 
thofe Torches which gives us Light ! What a Loftinefs in 
the azure Arch that covers us ! What a Variety of Colours 
and Sounds, of Smells and Savours, of Symmetry and 
Delights of all Kinds throughout our Habitation I 

The greateft Kings leave their Pleafure-gardens to en- 
joy the Sight of a fine Field, in common with their Sub- 
jects. There is nothing fo grand or fo affe&ing as fimple 
Nature. The King, 'tis true, ileeps beneath a gilded 
Roof, whilft the Shepherd takes his Reft under a Cottage : 
But beautiful Nature ftill puts them upon a Level. Both 
are enlightened by the fame Sun ; both enjoy the fame 
Elements, and live under the fame Heavens. They truly 
inhabit one and the fame Palace. 

The Prudence of the fupreme Being is no le&confpicu- 
ous than his Goodnefs, in the Pleafures he grants us. He 
was not contented with interefiing us in the Ufe and Ad- 
miniftrationof alltheBleffingS'heprefentS'to us, bycaunng 
a Pleafure to refult from them by the Gratification of fame 
one or other of ourSenfes ; but his Intention was alfo, that 
this Pleafure mould be quick, and even attractive, or the 
Abfence of it attended with Sadnefs, and fometimes with 
Pain, to the End that it might be a Warning as well as a 
Comfort to Man ; and not only keep him awake, as to 
what he is to do for his own Prefervation, but alfo be a 
perpetual Monitor to invite him to do it. There is a Mul- 
titude of urgent Neceflities which Reafon would not have 
provided for, had it not been for this Defign of the Crea- 

* Aftsjcv, and j.Cor. iii. 
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tor. Reafon would have been but faintly inclined to fa- 
tisfy them, or might even have abftained from them out 
of Forgetfulnefs, or on Purpofe. Hunger and Thirft, and 
all our Senfations which provoke, as well as all the Plea- 
fures which attract and invite us, make up for the Miflakes 
as well as the Abfences of our Reafon, and by Means both 
efficacious and preûmg, keep Man from being acceflbry to 
His own Deftruction. 

But let. the Motives of acting, which 
Man finds in his Pleafures, be ever fo ufe- Pleafuret are 
ful and ftrong; yet they are neither his n <" tfceEad rf 
End nor his Rule. The Pleafures of Man Maa - 
are not his End, fince they all of them con- 
duce to ibme further Aim. Appetite inclines us to eat- 
ing . We eat in order to live, and live in order to work, 
and the whole is full directed by Religion towards that 
common End which every Thing ought to lead to. The 
mutual Attraction of the two Sexes for each other has 
Marriage for its Aim, and the End of Marriage is the 
Birth and Education of Subjects, dut may perpetuate 
both the Church and the State. 

But if Man was created for no other End but the Promo- 
tion of his own Happinefs, the Society is deprived in al- 
moft every Cafe of what it had a Right to expect. Man 
thinks he is of Service to Mankind in his Expences, by re- 
ferring every thing to his own Satisfaction : But while he 
caufes the Miniilers of his Pallions to fwim in Riches, the 
vaft Inequality of the Divifion of his Favours muft needs 
bring Mifery upon thofe who are at a further Diftance 
from him. Piety has (bunder and more ufeful Views ; all 
her Steps lead to the common Good. Her very Modera- 
tion and Abftemiouûiefs, far from being hurtful to others 
by the fuppreffing of certain Expences, do but enable her 
the better to fpread new Favours among the red of Man- 
kind, and make them flow where an Expence made at 
Random could never have conveyed any. 

As Pleafures are by no Means the End of human Actions, 
•much lefe ought they to be the Rule of them. Nay, they 
mull be even pernicious and destructive of all Rule, when 
they conduce to nothing : For they have been fubjected to 
,* Rale, merely to obtain that End for which they were 
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created. Do but change that Order in the leaft, and you 
pervert every thing. 

A Man is guilty in eating, when he has no longer any 
Claim to Life, and what Right has he to live/ when he 
refuies to work ? Invading the Property of others is alfo 
fabverting every Rule : And what Property is dearer to a 
Man than his Wife ? It is likewife an Infuk on Society 
and Common Senfe, to fill the World with profligate and 
wretched Creatures, deftitute of Protection and Education : 
He then corrupts all Pleafures, and deftroys the End of 
them, who is an Adulterer, or a Fornicator. Whatever is 
on the Earth has been given up to Man ; but whatever is 
within Man was fubjecled to Reafon and Rule. We fhall 
fee, in its proper Time, that this Reafon, as well as the 
Confcience which attends it, has not been abandoned to 
the Chance of its own Decifions, or the Rule of its own 
Fancy. It is not its own Guide and Light. It was origi- 
nally governed by Precepts given to the firft Men ; and 
ever fmce the Manifeftation of our Saviour, it finds its 
Rule and a perfed Security in the Simplicity of Faith, and 
an Obedience to the preaching of the Gofpel. 



Man confider'd as Governor. 

The AJfiJinnce he receive* from the Animal 
Funëiions. 
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TH E Organs of the Body of Man vifibly fubmit all 
the Earth to his Refearches and Induftry : And as 
they likewife readily obey all the Dictates of his Will j 
that Wi;l, of courfe, rules over all the Earth, and fub- 
jetts it to itfelf. 

It is a Thing which appears at firft very afton*3itng, 
that our Will, which difpofes at its Pleafure of all terre- 

ftrial 
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ftrial Bodies, is no longer Miftrefs of any thing, when the 
Action of the Vefléls which conftitute the inward Parts of 
our own Body is to be regulated. The Lungs, the Heart, 
the Stomach/ and the Brain itfelf, will not wait for Man's 
Commands in many Things. They have an Action of 
their own, independent from, and even fbmetimes contra- 
ry to all his Délires. He may, indeed, by many tried 
Precautions, and by Arguments grounded upon Experi- 
ence, prudently attempt to reftore or maintain a good 
Oeconomy in his inward Organs. This is granted to the 
Difcernment of an excellent Phyfician. But Man knows 
not the Organs of his Brain : How then can he know the 
Action of them ? Even the Manner of his Digeftion is à 
Secret to him ; and we find here, as well as in many other 
Cafes, that a very fmall Portion of Light, if any, has 
been granted to us, wherever we had nothing to govern. 
I am not ignorant with what an Aflurance a Philofopher 
will come and tell us, that Digeftion is no more than the 
Aétion of a triturating Mufcle. Another, who laughs at 
the very Name of Trituration, will tell you, that Digef- 
tion is brought about by a faponaceous Water. Others 
will alledge other Diflblvents. But, let us put into the 
Hands of thofe Philofophers Liquors, Herbs, Vegetables, 
Bread, and Meats of all Kinds : Let us allow them Mor- 
tars, Peftles, Water, Soap, Fire, Salt, Vitriol, Spirit of 
Nitre, and as many Diflblvents and Agents as they pleafe : 
Let us add to thefe Apparatus's, Sieves and Strainers, in 
fhort, all the neceflary Tools for grinding, diflblving, and 
filtrating: I fay, that notwithftanding all thofe Things, 
they never will be able to give us one fingle Drop of 
Chyle, and (till lefs able to (hew us the leaft Drop of 
Blood. They may eafily counterfeit the Whiteneis of 
Milk, by diluting the Flower of a few Almonds with 
Water, and calling that Almond Milk ; but there is an 
immenfe Diftance between that and real Chyle, between 
that and real Milk, or right Blood, 

I will fuppofe that Man may poffibly arrive at difcern- 
ing in a Manner lefs confufed the Action of his Intrails ;. 
yet will it be conftantly true, that his immediate Govern- 
ment is no way acceflbry to that Operation. He governs 
the Choice of the Meats, and the Trituration which is 
made of them under his Teeth. But the Bread, ground by 

the 
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the latter has hardly got to the Orifice of the (Efophagus, 
but it is entirely out of the Power of Man. The Stomach, 
into which this Food defcends, is a perfect Abyfs to it. 
Man is ignorant whether it {hall be digefted there well, or 
not, and the whole Work of his JntefUnes is altogether 
inacceffible to his Infpection. It is performed without him 
from Beginning to End, and commonly in his Abfence, 
fince he never digefts better than when he is afleep. 

Shall we deem this an Imperfection in Man ? It is ra- 
ther an honourable Difcharge, and a convenient Exemp- 
tion, He has thereby been excufed the Cares of Diges- 
tion, and the innumerable Particulars of fo many inward 
Operations that would have opprefied him, as they mull 
have waited for his Commands and Direction. But, what 
could be the Aim of this Exemption, if not to enable him 
perpetually to act externally, and to give himfelf up to 
.the Exerçilè of his Talents ? 

What we are allowed to perceive of the inward CEçono- 
my of the human Body is itill more miraculous than any 
thing we have hitherto feen. But let us frankly own the 
Trutji : Whenever we hear People fpeak of Stomach and- 
Intestines, of Gall and Coction, of Chyle, Humours, and 
Secretions ; our Imagination is {hocked, and the Organs 
themfdves, as well as the Matters that circulate thro* and 
are contained in them, are fb many Objects we naturally 
turn our Eyes from. The Sight of them appears hideous 
to us, and makes us fhudder, unlefs Refolutipn, and the 
Habit of bufying ourfelves profeffedly about them, have, 
by little and little, taken off our Difguft for them. 

We know of a certain Syftem of Metaphyfics, that 
would fain expoftulate with the Author of our Being, for 
having endowed the feveral Parts of our Abode with fo 
many powerful Attractives, and, at the fame Time, in- 
fpired Man with an almoft invincible Averfion for the 
Sight of the inward VeiTels of the human Body ; although 
we were fo much concerned in the Structure and Action of 
them, and that Action could never be too well regulated» 
as they make a Part of our Being. 

What raifes here the murmuring of a vain Philofophy, 
is in good Truth a Difpenfation full of Wifdom, and a 
Precaution infinitely ufeful to Man. What God entrufted 
to our Induftry and Management» has feldom any thing 

difguft- 
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difguftful in it, and the Incitements to it render the Work 
agreeable to us. Agriculture, Commerce, Fiihing, Hunt- 
ing, and the Arts in general, have a Thoufmd Charms 
for Man, that encourage his Efforts, and make him over- 
look the very Toils they are attended with : Whereas, an 
unconquerable Averfion diverts his Eyes and Thoughts 
from whatever recalls him to the Functions of his Intrails, 
and the whole inward Frame of his Body. Now could 
any thing be better contrived, fince this Operation is fo 
totally independent on the Direction and Knowledge of 
Man ? His Happinefs does indeed confift in being ftrong- 
Vy inclined to what he can do with Succefs, and power- 
Cully diverted from what he can neither govern nor con- 
ceive. 

There is then in Man a Kind of Ignorance and Incapa- 
city, which, far from arguing any Difbrder or Mifery, 
facilitates to him the Enjoyment of his Privileges. What 
God referves to his own divine Operation, without requi- 
ring any thing of Man towards it, aims at fparmg him fo, 
much Trouble : And that Exemption, which increases his 
Liberty, is a true Motive of Gratitude. It renders us but 
the more fenfible that God leads us one Way, and Philo- 
fophy another. When his Reafon has attempted to make; 
off the Yoke of his Senfes, and find every Thing in it- 
iel£ it neither finds nor procures any Thing for us ; but, 
when it follows Experience, and the Certainty of its 
Senses, Step by Step, from that Moment it is in the Oi> 
der that confines it to a limited Compafs of Knowledge, 
and its Toils are encouraged by a Series of new Acquit- 
tions and good Succefs. 
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Man confïder'd as Governor; 
Demanjlratedfrom the Faculties of his Mind. 

The Activity of Man. 

DIALOGUE VIL 

THAT Man was deftined to apply to his own Ufe, 
and govern whatever is upon the Earth, is a Mat- 
ter of Faft no longer to be doubted, as his Strength and 
Dexterity, his Wants and Pleafures, and the Advices and 
Operations of his Organs, generally exert themfelves 
upon, and extend to every Thing in the Globe. But we 
know hitherto no more than the external Part of his Go- 
vernment. We have not as yet carried our Inipe&ion any 
farther than to the Minifters appointed to inform him, to 
give him Intelligence, or exécute his Orders. Let us now 
view the Governor himfelf, even the human Underfland- 
in g ; and be fàtisfied with what it is poflible and neceflary 
for us to know of it. 

Every Thing on Earth is adminiftered and governed by 
the Body of Man. But the latter moves and acts under 
the Command of its Mind, which thus becomes the Mo- 
derator of the whole. A King is never truly fuch, or is 
only fo by Name, unlefs he has both Power and Strength 
to make himfelf obeyed ; Underftanding and Counfel to 
judge of all the Things he is to fet in Order ; and the free 
Choice of thofe Means which are molt conducive to it. 
The human Mind ought then to have, towards exerting 
its Authority, a powerful Activity that fubmits to it the 
Things within its Province, a fufficient Share of Intelli- 
gence to know the Objects of its Operations; in fhort, the 
free Choice of the Means that are moil fuitable to make 

an 
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an Advantage of every Thing. Now we can demon- 
ftrate, that all thefe Qualifications are to be found in Man, 
and in Man alone ; you muft be throughly convinced that 
he is the Image of God on Earth, and appointed to im- 
prove every Thing there, by a rational and equitable 
Ufe : For, if God is the Lord of all Things, he is fo 
through his Omnipotence that created all ; through his 
Omniicience that makes him know all, and through hii^ - 
fupreme Freedom that chufes what is good, and moft, fuit- 
able to his Purpofes. 

That powerful Aclivity of Man, the firft 
Foundation of his Glory and Refemblance The A&ivity 
with God, is already known to us from the of Man * 
bare Infpe&ion of his Organs; and of the 
Works wherewith he imbellifhes the Earth. It would be 
very agreeable and natural enough, here to consider in a 
particular Manner, the magnificent Detail of them : But 
it being improper to repeat the lame Things over and over, 
we ihall poftpone this Enumeration, till that Time when 
we are to confider him in Society, and take a View of his 
feveral Works. It fuifices for the prefent to obfèrve in ge- . 
neral, that the greateft Honour to which God has called 
Man upon the Earth, conflits in being Tnventor and fu- 
preme Orderer there. He is vifibly Inventor on the Earth, 
as he fills it with Works of all Kinds, which God never 
placed there; and is alfo the general Difpofer of all; fmce 
he buiies himfelf fometimes with the regulating of his 
own Conduce, fometimes with the reforming of that of 
others, and fometimes with the Management of a Multi- 
tude of Enterprizes, partly executed under his immediate 
. Infpe&ion, partly at a Diftance from him, and partly at 
the four Quarters of the World. 

Caftors build Huts, Foxes dig Holes, and Birds make 
Neib to themfelves. No more muft be*required of them. 
An invincible and uniform Impreffion constantly brings 
them to that Point, and, without Reafoning, Hill inclines 
them to produce Works which never vary. If they did 
reafon, their Works would be as various as their rational 
Operations. But Man, when he received the Impreifion 
of an Activity, that makes him hate Inaction, was not 
confined to one fingle Method or Manner of employing 
himfelf. He was given over to his own Reafoning and 

Counfel. 
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Counfel. He Teafches ; he tries ; he deliberates ; he 
combines : He makes new Observations, new Projects, 
and new Works. We fee coming out of his Head and 
Hands Things of which there was no Model in Nature ; 
a Mill, a Gun, a Watch. He not only imitates God, in 
introducing here below Productions which never appeared 
there ; but he, like God, never ceafes to be active ; he, 
jftke him, prefeives and renews his firft Works, and, as 
well as him, reforms Irregularities, and re-eftablifhes Rule, 
wherever it begins to flag. 

We neither can nor will fay, that Man exerts Omnipo- 
tence as well as God. That would be a blafphemous Af- 
fertion. Man is not a Creator. He can do no more than 
combine Things already made. But were there in any 
of our Languages a Word that will clearly exprefs the Fa- 
culty which Man has of producing Novelties of all Kinds 
upon the Earth, and of maintaining the good Things he 
has already procured for it, that World would exprefs the 
Power of Man, and be an Epitome of his Glory ; as it 
would defcribe that Perfection of what brings him neareil 
to the Creator. 

Working is the Term we are looking out 
, Working. for. Man works upon whatever the Earth 

contains ; he is therefore the Image of the 
Creator. Labour is only the Exertion of that fruitful Ac- 
tivity, whereby he conceives a Series of ufeful Thoughts, 
or produces, entertains, and finîmes a Multitude of out- 
ward Works. Working is then the firft Foundation of 
the true Grandeur of Man, as Omnipotence is the Prin- 
ciple of the Works and Glory of God. 

The Works of Man, 'tis true, are indeed attended with 
Difficulties, Obftacles, and much Trouble. His Labour is-' 
hard and toilfome ; and this cannot be applied to God. 
Man, for certain, is very far from being his Image in that 
Refpect. But, altho* Fatigues and Hardships are the juft- 
Punifhment, as well as the wholeforne Exercife of Man, 
considered as a Sinner; altho' Labour is become fo far In- 
<Jifpeniable, as he has been condemned to it ; yet Work- 
ing ceafes not, for all that, to be ftill what it was in its 
firft Original. It is the Vocation of Man. Birds are made 
to fly, and Man was created to work. As the Works of 
God, both in their Creation and Perpetuity, -are the un- 
interrupted 
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interrupted Exertion of his Omnipotence ; Operating is the 

perpetual Exercifè of the Power of Man. He imitates the 

Creator, in Proportion as he cultivates the Earth, and af- 

fifts her in her Prôdu&ions . This was the Appointment 

of Adam, even in his State of Innocence* ; whereas, . the 

more faintly he works, or abftains from Labour, the more 

he deftroys in himfelf the. Image of h m who created the 

World, and who never ceafes to re-produce, or pre fer ve 

there, what he brought to Light from the very Beginning. 

Such is the Condition of a rational Being. Nothing is 

greater on Earth than Man, fo long as he embellilhes it 

^vith fome new Work. The Moment he deûfts from that, 

he becomes no more than a Statue, and loads the Earth 

with an ufelefs Burthen. 

* Ut operaretur, Genef. ii. 15. 



Ma n confider'd as Governor; 
From the Understanding. 

DIALOGUE VIII. 

THE Sovereign Power of the Creator was never fe- 
parated from his fupreme Wifdom, which co-exifted 
with him before the Univerfe. It delighted him in the 
Creation, through the Variety of the Plans of thofe Works 
which it offered to his Choice ; and ever iince the Creation, 
its Pleafure hath been to dwell among the Children of Men, 
to regulate their Conduct, and the Operati- 
ons of their Hands. Thus Wifdom inftruct- jv<w. viii ia, 
ed Adam, Noah, Abraham* and him who, of Ê? fa. 
all Kings, had the greateft Share in its Fa- 
vours, fo long as the Seduction of Riches, and the IUufipn 
of Pleafures old not reftrain him from lifteniag to Us. Dic- 
tates, It is that Wifdom, which has from Age ; tp, Age 
Vol. V. E rdfcd 
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raifed ufeful Genius's, and induftfious Woikmen. But as 
God, when he imparted his Power to Man, did not give 
him his Omnipotence, fo when he gave him to partake of 
his Wifdom, and granted him a vail Capacity of Know- 
ledge and Invention, he did not make that Knowledge as 
boundlefs as his own. 

He raifed him to the Glory of Governing, and order- 
ing whatever was placed in his earthly Abode, that he 
might exert both the Sagacity of his Mind, and the Dex- 
terity of his lianas. But Man governs and ranges Things 
already m ade. He may obferve the Number, Dimenfions, 
Action, Merit, and Properties of them : He may, by new 
Combinations and Changes of Order, put Minds and Bodies 
in Motion: He may, as it were, create anew: Eut the 
Nature and Exellence of whatever he employs were pre- 
exiitent. It is an eafy Matter for him to deftroy his own 
Work. He may break to Pieces the Veffel, or the Pen- 
dulum-clock that came out of his Hands; but he will 
never be able to make thole Pieces return to their former 
Nothingnefs. The Clay and Copper remain immortal. 
He can neither deflroy nor create the primitive Beings ; 
and God, who has limited the Power of Man, has of 
Couife fet the fame Bounds to his Knowledge. 

There are then, if you will allow me the Expreffion, 
two Sorts of Productions ; that of God, who has made the 
Spirits and Bodies ; and that of Man, who cultivates, fa- 
fnions, imbellifhes, and applies them to feveral Ufes, by 
ingenius Inventions. The Objects of the firft Creation 
are made, and it is becaufe Man was not commiffioned to 
make them, that God had rendered them inconceivable to 
him. But the many Ufes to which Man can apply created 
Things, are the true Object of the human Science and pro- 
ductive Faculty. Such is then the Meafure of the Opera- 
tions of Man, and fuch the Meafure of his Knowledge. If 
it is glorious to him to enjoy Prerogatives, fo great as thefe 
are, he, on the other Hand, commits an Error that ren- 
ders him ridiculous, when he falls to Reafoning, creating 
Difficulties and Objections, and building Syflems upon Ob- 
jects which are beyond both his Power and his Knowledge. 
Bayle became a fpeculative Manichean. Lochwzs inclined 
to become a Materialiil; Newton had fome Difpofitions to- 
wards being an Arrian, and a great many Metaphyficiant 

now* 
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now-a-days become Deifts, by arguing at random upon 
the Nature of Spirits and Bodies, and of God himfelf, and 
the very Order of his Decrees. They all of them will ju- 
fttfy the Boldnefs or Singularity of their Opinions, by fay- 
ing they have followed pure Reafon, rather than the old 
Prejudices that have been circulating among Men, from 
one Age to another. But they have, every one of them, 
fuppofed in Man a Prerogative which he enjoys not, even 
that of obtaining from his Reafon clear and unqueftionable 
Anfwers, upon all the Queftions he is pleafed to put to it. 
That was not his Vocation, nor his Kind of Intelligence. 
The moft Part of them, on the contrary, have neglected 
to ufe a moll real and moft honourable Privilege, which 
Reafon actually enjoys, of regulating and improving his 
Dominion, by the good Advices of Experience, and by 
outward Teftimonies, which fufficiently inftruft him in the 
Order of Nature, and Revelation. It has been a general 
Miftakc among them, to expect Light from Reafon, that 
was appointed to receive it. They thought it capable of 
underftanding, by Dint of Arguments, what God has re- 
ferved to his own proper Operation and Knowledge. It is 
no Wonder, indeed, that they have erred and gone aftray 
fo variously, and that Darknefs mould have increafed 
more and more as they went on : They had leaped beyond 
their Sphere. 

Ever fince Men have been on the Earth, uninterrupted 
Experience has taught them, that their Knowledge had a 
Relation to their Activity: That they have Underftand- 
ing enough for the Things they can do; but that they are 
vaitly limited in the Knowledge of what exifts or acts in- 
dependent on them ; for Inftance, in the Knowledge of the 
Structure and Action -of the Organs of their own hody, or 
in that of the Operations of their intellectual Faculties. 
All which is executed without their knowing the Manner 
of it. 

This Obfervation is the Solution of a Queftion which 
has very much puzzled the moft contemplative Philofo- 
phers. What is, they will afk, the Manner in which 
Man fees Truth ? How is his Knowledge formed ? Is his 
Underftanding a Looking- glafs, in which Truths come 
and paint themfelves ? Or how is it conceivable, that an 
Underftanding can be a Looking-glafs ? Does he fee 
E z Truths 
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Truths in God, in whofe Subflance they are immutable ? 
'Does he bring into the World a Stock of common Truths* 
that conftitute what we call Common Senfe, and the Bafis 
of our Arguments ? Or does our Underftanding operate 
only in a general Manner, and apply to every new Cafe 
the particular Things we learn by Means of our Senfes ? 
And in this laft Cafe, how and upon what Grounds will 
our Reafon give its Judgment a greater Extent than there 
is in the conilantly particular Informations it receives from 
its Senfes ? 

I (hall anfwer this Queftion concerning the Origin of 
our Knowledge, by another Queflion. on the Origin and 
Communication of our Activity to the feveral Members of 
the Body. How do the animal Spirits, if any there are, 
fuddenly carry their A&ion from the Brain down to the 
very Tip of the Toes ? How can they operate in a Man- 
ner fo oppofite to what pafTes in all Kinds ot Mechanics ? 

It is univerfally acknowledged, that whatever Things 
are to be weighed, a fmall Force may put in Motion, or 
even overcome a great Power: But, in that Cafe, the fmall 
Force traverfes a great Space with Rapidity, whilft the 
,great Force moves but ilowly within a very fhort one. 
The Velocity compenfates for the Weight. A fifty Pounds 
Weight hooked on the Steel-yard or Roman Balance, hard- 
ly rifes the Space of half an Inch, whilft the Pound Weight, 
which is at the Extremity of the Beam, traveries a Space 
of fifty half, or five and twenty entire Inches. The hand 
of the Waggoner, who endeavours to raife his Axle-tree, 
that fell by the breaking of one of the Wheels, turns 
twelve or fifteen Times the Handle of the Jack to raife the 
Axle-tree but a fingle Inch. In any other Cafe, the Pow- 
er moved traverfes in an equal Time, as great a Space as 
the moving Force : They are made even in every Refpeél. 
If you are willing, for Inftance, that a Bale of Silk, 
which is in one of the Scales of a Balance, fhould rife and 
become level with a Piece of Iron that defcends in the 
other Scale, your moving Force mult be of equal Weight, 
and traverfè the fame Space as does the Force moved : 
There mult be, for Inftance, the Weight of one Pound on 
each Side, and the Pound of Silk which comes down, as 
well as the Pound of Iron that goes up, muft traverfe 
equal Spaces. Thefe are our Mechanics. We have no 

other 
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ether at Mexico, in Turky, or at Japan. But in the Me- 
chanics of the human Body, every Thing is operated quite 
otherwife. 

Firft; we do not conceive what the A#ion of a Will 
upon a Brain can be. On the other Hand, let that Fluid 
which the Blood adminifters to the Brain, whereby the 
tatter puts all the Mufcles of the B jdy in Motion, and the 
cxhaulting of which is followed by the Wearinefs of the 
Limbs, or by their total Incapacity of moving ; let that 
Fluid, I fay, be whatever it will, it cannot but be of an 
amazing Tenuity, and an inconceivable Finenefs, fince it 
fo very little diminiihes the Volume of the Blood it pro- 
ceeds from. But that fubtle Matter has hardly moved the 
Space of perhaps one fingle Point, but the long Lever of 
the Leg has already traverfed a Space of three Feet, and 
tranfported the whole Weight of the Body to the Diftance 
of half a Fathom, or conveyed the Attion of a long Flail 
the Length of fix Feet from the Thraftier. Here the fmalt 
Force makes a fhort Motion, whilft the great Force tra- 
verfes a long Space. The above-mentioned Fluid is no 
fooner bid to flow, but the Arm has already executed the 
Order it receives to ad at the very fame Time : Not the 
lealt Delay is allowed that Arm, to compenfate the Cele- 
rity of the Fluid by the Slownefs of the Mafs of the Mufcle. 
All goes together, the Will, the Spirits, and the Arm. 
This is a new Kind of Mechanics, which confounds and 
abforbs the Mind of the moft confummate Mailer of 
them. 

I doubt not but every Thing is mechanically executed 
in the Motions of the Body, fiuce all the Actions of it are 
ainiiedby Cords and Strings, by Impulfions and Retracti- 
ons ; in (hort, by a Variety of Inftruments of Communi- 
cation. But this Sort of Mechanics is beyond our Reach: 
It is of a fuperior Kind, and God has kept it to himfelf 
alone, as well as the Motions of our Bodies, and of the 
whole Univerie, which are executed without our having 
any other Share in them, but that of willing or obferv- 
ing them. 

What we have juft faid of the moving Principle of our 
Limbs, and the Means of their Communication, may 
likewife be faid of the Origin and Progrefs of our Know- 
ledge. Our Activity is indeed a noble Prefent : But the 
£ z Manner 



78 D I A'L O G U E VIII. 

Manner of its Beginning and Continuance is incompre- 
henfible to us. Our Underftanding is an ineiHmable Fa- 
vour : But we cannot conceive what that Principle and Tie 
is, that caufes Men, who never faw one another, and be- 
tween whom all Manner o: Communication is fupprefied, 
to unite in adhering to one and the fame Truth, and to a 
Set of common ideas. Every Body is fully fenfible, that 
the Study of the Anatomy of the Leg and Brains is not 
neceflary towards Walking or Danc ; ng, even in the high- 
eft Degree of Perfection. A Dancing- Matter would get 
but very little Money by fuch a Study. It is likewife a 
meer Lofs of Time and Trouble, and a Method perhaps 
infinitely more ridiculous and more dangerous than the 
foregoing, to attempt * the improving of one's Mind by- 
making long Searches after the Origin of our Ideas, and 
by profoundly meditating upon the Nature of common 
Senfe. The A&ivityoftheBcdy, and common Senfe, are 
two Inftruments we have been provided with by Almighty- 
God. His Gifts are fruitful in great EfFe&s. They need 
only be made Ufe of, without attempting in vain to un- 
derhand the Communication of thé mufcular Motions, or 
to perceive diftinclly the Source of our Conceptions. 

Inftead of launching into the undeterminable Diipute 
concerning the Origin of common Ideas, the clearing of 
which would require a thorough Knowledge of the Nature 
of God, of that of our Souls, and of the Manner in which 
the latter is united both to God and the Body ; we muft 
be contented with knowing or feeling that it is fo, with- 
out conceiving the Manner of it. God has not made the 
right Ufe of our Legs to depend upon the Study of the 
Brain, whence the Nerves that move our Legs proceed. 
The Brain, which performs thefe Operations, is an inex- 
plicable Mafs. Nor has God made the right Ufe of our 
Underftanding to depend on the Study of the Nature of 
Spirits. We diftinâly feel the Aclivity and Operations of 
it, without knowing what it is. Let U3 then be contented 
with obferving, that God has framed the Underftanding 
of every individual Man, fo as that they all of them might 
unite in the Knowledge of the fame identical Truths ; juft 
as he has given the fame Form to the Eye of the Jftatick* 
and that of the European, and provided them both with 
Legs fit to carry them from one Place to aaother by alter- 
native 



On the Understanding. 79 

native Motions, which they are. at Liberty to give them- 
felves whenever they pleafe, without underflandir.g any 
thing of the Matter. 

' The pretended Difficulties which Montagne, Charron* 
and other Pyrrhonians^ have affected to heap one upon a- 
nother, in order to depreciate our Talents, and root out all 
Senfe of Gratitude from our Minds, will never hinder us 
from perceiving very diitinftly the Views of the Creator, 
in thofe Favours which he was pleafed to bellow a\ us. 
We remember to have feen a Man without Arms, who 
had exercifed his Feet in the Art of Spinning : But will 
fuch a Singularity as this authorife any Man to fay, that 
our Legs were not made to walk with, and that we only 
chufe to employ them that Way, rather than ufe them to 
fpia? Many Peop'e look upon the Noie as a conveni- 
ent Support of the Infiniment that flrengthens the Eyc- 
Si^ht: But. can wc fay», neverthelefs, that the Nofe was 
not made to judge, by Means of its fmelling Faculty, of 
what the Mouth ought to admit or refufe, and of the In- 
fection of the Air we fhould avoid breathing in ? We 
may poffibly prefer the Pleafure of having a fmail Foot, 
and a Stature artfully raifed a few Lines, to the Satisfac- 
tion of walking in a free and eafy Manner : We may 
be fond of railing our Bodies two Inches from the 
Ground, by Means of a wooden Peg fixed under our Heel, 
or run the Rifle of laming oyrfelves, by fqueezing the Ex- 
tremities of our Feet by a violent Force, as is the Practice 
of the Ladies in fome Countries (perhaps in China :) But 
their Contempt for the Advantage of walking, does not 
keep us from being feniible of its general Deftination. 
We have feenlikewiiè very ingenious Nations, who thought 
it proper, by exprefs Laws, to permit Fathers and Mothers 
freely to dilpofe of fuch of their Children as they fancied 
were fupernumerary, by killing them immediately after 
their Birth, by expofmg them, or by getting rid of them 
afterwards by pious Confecrations. 'Tis what the Gre- 
cians, the Romans, and all the Canaanites, have formerly 
Lhorized, who thought it their Duty, on fome Emer- 
.mcies, to fell, or even make Burnt-offerings of them to 
Ulocb. But is it lefs true for all that, that the Love of 
ithersand Mothers for the Good and Prefervation of their 
'tildren, makes a Part of common Senfe. The Tears 
E 4. which 
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which at tliofe Times trickled from the melting Eyes of . 
the Parents, and the Care which they took to drown with 
the Noife of Drums the Cries of thofe tender Victims, 
were plain Vindications of natural Senfe, and betrayed in 
thefe covetous Devotees the fame Grounds of Humanity 
that were in the Heart of thofe who had an Abhorrence 
for their deteftable Practices. 

It is a known Matter of Faft, that the Chinefe will often - 
times bequeath their Fortune to a College of Bonzees, and 
let their old and nckly Parents die for want of bare Necef- 
faries. Thefe mad Whims, occafioned by Avarice, and 
the Cheats of Bigottry, may fupport themfelves by the 
Protection of popular Cuftoms, or human Laws : But they 
can never take Place any where, without raifmg a fecret 
Indignation in their Hearts of thofe who fee old Age thus 
given over to Mifery and Defolation : And it will ftill be 
true in the remoteft eaftern Regions, as well as on the 
Confines of Eut ope, that the Reipett of Children for their 
Parents, and their Obligation of fuftaining them in their 
old Age, are, and make a Part of common Senfe. 

God then has framed all Men fo as that they might 
perceive the fame Sun, the fame Objeds, and the fame 
Light, by opening their Eyes ; and apprehend the fame 
vileful Truths, by making Ufe of their Reafon. AM the 
World over, every one is willing to be happy : All the 
World over we calculate, take Dimenfions, love our Fa- 
thers and Mothers; and it is a common Notion all over 
the World, that we ought to do to others as we would be 
done by. Men of all Countries have a Notion of an In- 
telligence that rules the Univerfe, and they pay their Ho- 
mage to him : They exped a J uiHce that will reward the 
Good and punifh the Wicked, and have a general Abhor- 
rence for thofe who affecl to fv/erve from fuch common 
and univerfal Ideas. Education, or a faife Philoibphy, 
may poffibly occafion fome fmail Alteration or Variety in 
thefe Notions. But, notwithllanuing thefe local Particu- 
larités, Men are always, in the End, brought back to 
common Senfe, which proves fuperior to Education and 
Philoibphy, becaufe it fprings from a far more excellent 
Source, There is then a permanent Stock of Ideas in all 
Men, that fupplies them with Truths, Knowledge, and 
Sentiments or general Ufcfuineis. Whether, then, the 

fupreme 
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fupreme Truth is intimatelyprefenttoall Minds ; or whe- 
ther it has, with indelible Characters, imprinted the fame. 
Principles in every individual Mind; or in fhort, whether 
God has regulated and difpofed our Faculties, fo as to en- 
able us to acquire the fame Knowledge by a Likenefs. of 
Senfations, and the Conformity of Experience ; it is an in- 
difputable Point, that the human Mind, if it will but be 
attentive, can and will perceive, judge, reafon, and arrive 
at the very fame Principles of Sciences and Condudt all 
over the Earth. 

When God gave Man the Faculty of difcerning Truth* 
without understanding any thing in his own Being- and 
A&ivity, he vifibly aimed at fparing him needkfs Diffrac- 
tions, and at inclining him efficacioufly to the Exertion of 
that Faculty. The Anatomy of the Trachea is not what can 
enable aMufician to ûng* and a Man of Experience may 
never read the Eflay on the human Underftanding, and yet. 
-be abls to* uiuLe wife Mutions» in the Councils of Kings* 
t» judge according to the exaéteil Truth in a Court of Judi- 
cature, and take the wifefl Meafur.es in the Management of 
his own Affairs ; wheress Metaphyfks would leave him,, 
with Regard to thefe Things, in the moft profound Darknefs, , 
or perhaps only lead him from one Miftake to another. 

There is in Man a kind of Ignorance that difgraces. 
him; even that of his Obligation* and Duty. It is vo- 
luntary, criminal, and even fometimes within the Reach 
of penal Laws. There is another kind of Ignorance 
which he ought not to beafhamedof : Itconfifts in the 
Bounds which God has fet to his Underftanding, and, as 
it helps him to confine himfelf within the Verge of his 
own Conditions ; it is rather a Benefit than a Matter of 
Complaint. 

But, if it is a miferable Error to lament the Weaknefs 
• of the human Underftanding, as if it were the Work of an. 
ill-defigning Principle, or of an evil-difpofed Deity ; kdh 
an Error equally fatal to attribute to that Reafon, whole • 
Limits are fo eafily perceived, the Power of judging of, 
every Thing, and of deciding any Queftion > whatfo.ver. 
Our Reafon naturally finds within itfelf the^Pxinciples of a. 
judicious Curiofity, together with the. Motives of a wife 
and fober Circumfpettion. How much the more refer ved 
and fubmifllve will it then be, if Qod? in order tofpare it 
E -5 the- 
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the Delays and Doubts which it would experience in the 
Search after the Truths relating to our Salvation, has all 
at once fixed its Speculations in this Refpeft by the pub- 
lick and eafy Rule of the divine Revelation ? Sure, if he 
has vouchfafed to grant fuch a Supply towards making up 
for our innate Weaknefs, (which we may eafily convince 
ourfelves of- by the Teftimonies that warrant the Matter of 
Fadl, and even prevent all our Searches after it) it will 
be a willful Error to Men to the Difccurfes of a few 
Beaux efprits, and to pretend to bring the Rule of our Be- 
lief and Morals back to the Tribunal of our Reafon : As 
it will, on the contrary, be agreeable to common Senfe and 
good Condudl, to fubmit our weak Underftanding to the 
Obedience of Faith, and never to exert our Activity and 
Underftanding any otherwife than according to the Bounds 
within which God has been pleafed to confine the Ufe of 
them. 



The Dominion of Man; 
Proved from bis Imagination. 

DIALOGUE, IX. 

TH E Intention of God, in that Portion of Light which 
he has imparted to us, is again evidenced by the two 
Affiftants he has placed near the human Underftanding ; 
I mean Imagination and Memory. 

Half of our Being is Body, and the great- 
Imagination, eft Part of our Operations are relative to fbme 
of the Bodies that furround us. God* who 
was not willing that we fhould be tempted to abandon our 
a&ual Condition and Relations, and tranfport ourfelves, be- 
fore the Time, into a State purely intellectual, or into too 
fublime Contemplations, that would draw us out of our 
prefent Situation, has purpofely decreed, that all, or al- 
moft all, our Thoughts fhould be attended with, and af- 
ûfted by fome corporeal Image or other. Nay, thofe of 

our 
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our Operations that are merely rational, and our moil in- 
tellectual Ideas, fuch as arithmetical or algebraical Ope- 
rations are directed, fix'dand carried on by fenfible Signs. 
Were it not for fuch Help, our Thoughts would either not 
be conceived at all, or would flip out of our Minds. Our 
ufual Knowledge is either procured, affifted, oroccaiioned 
by our Senfes * and it is for this Reafon, that our Sciences 
and Knowledge moft commonly allume the Form of fomc 
of our Senfations. Hence our Reprefentation of God as a 
bountiful Father, of whom we are the beloved Family; 
or as a King full of Majefty, whofe Glory refides and ma- 
nifefts itfelf chiefly in the Heavens. We reprefent our 
own Soul to ourfelves. under the fenfible Notionof a Breath, 
of a Lamp, or of a light Flame. The Habit we have of 
thus attributing to Spirits Things which belong only to 
Bodies, in order to make up for the little Knowledge we 
have of the Nature of Beings, caufes us to aflign as readily 
fpiritual Properties tobodilySubftances, as if the Thoughts 
which thofe Bodies raife in our Minds by their Acïion did 
actually refide in thofe Bodies. Thus it is that we fuppofe 
in the Heavens the honourable Function of publiihing the 
Glory of God : Thus we afcribe to the Sun and Moon the 
Care of governing Nature, and regulating our Days ; and 
fuppofe in the Winds an Intention of conveying Deftruc- 
tion or Plenty every where*. We ' fpeak to Rocks ar.d 
Defarts, as if they were endowed with Underftanding, 
We invite Rivulets and Birds to join their Murmuring and • 
Notes with our Voice to praile the Author of all Good and 
Beauty, as if they could have any Knowledge of his Boun- 
ties, or our Invitations. 

This way of thinking feems to, betray a great Want of 
Exa&nefs. Ought we not to- fhake it off, according to 
Locke's Wifhes ; would it not be better to utter every Truth 
in a philofophical Manner î There would be a vail Ad- 
vantage in defining every thing by its Genus and Diffe- 
rence, and then proceeding methodically to Syllogifms and 
Enthymems : That would be cold and infipid indeed ; but 
the Tirefomenefs of fuch a Style would be fully recom- 
penfed by a vaft Clearnefs ; and is not this the only 
Means of ftrengthening our Reafon ? 

Quïdvi fer ant vend, quid cogitet bumidut aufter* Virg. Gcorg. 

E 6 Thofe 
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Thofe who have introduced the Cuftom of 
The ufefol- fpeaking and writing in this Manner, did not" 
neft of Imagi- fufRciently know the Capacity and Wants of 
nation. Man. How many young People have we 

feen difcouraged by the fcholaftical Jargon! A Me- 
thod that is altogether gloomy and difguftful, can have* 
no other Effect, but to make us abominate all Schools, and? 
fhun all fcholaftick Audiences. There is a Kind of People 
in the World, who will talk of nothing but extending our 
Reafon, and increafing the Vigour of the human Under- 
ftanding You would be apt to think, on hearing thefe 
great Promifes, that they are Genius's of a more fublime 
Nature than the Generality of Men, and their Under- 
ftanding much ftronger than outs. Their Art confifts 
in confining themfelves within a Set of dry Notions, 
altogether void of fenfible Ornaments ; in never having 
recourfe to Memory and Erudition ; in defpifing the Elo- 
quence of Images, and the leaft Affiftance of our Imagina- 
tion ; as if found Reafon was inconfiftent with good Tafte. 
We fhall fee, I hope, when we come to what conftitutes 
found Logic, that the Health and good Conftitution of our 
Underftanding can never confift in Abftractions of this 
Kind Thofe who fancy that they render it more vigo- 
rous and folid by this Means, do but extenuate and infinite- 
ly impair it, as they ftrip it of the Supports God intended 
it ftiould always reft on : And though their Meditations 
ihould lead them to fome kind of Truths, they are either 
perfectly ufelefs, or Thoughts that will only glance upon 
the Mind without ever entering into them. The three 
fhort Chapters that compofe the Sermon of our Saviour on 
the Mount, have done jnorc-Good to Society in illuftrat- 
ing a few luminous Maxims, by very lively and affecting 
Images, than all the Logics in the World, and have con- 
veyed more Light and Exactnefs among Men than Locals 
long, tedious, foporating Metaphyfks on the human Un- 
derftanding ever did, or could do. A great many learned 
Men have, in all Ages, committed the Miftake of fepa- 
taring Things which God had moft ftriclly united in Man, 
and of attempting to improve one fingle Faculty of his, by 
feparatingit from the others, whofe Company is its Help 
and Perfection. 

Our 
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Oar Reafon, which they promifed to render able to* 
Judge and enquire into every Thing by Help of their Rules,. 
is not more obliged to explain and define, than- it was ap- 
pointed to underftand every Thing. It may know God, a 
Spirit, and a Truth, by a cautious Behaviour; front inward- 
Senfe and Experience : Queer ere Ekumjt ferte attraùïent*. 
But whenever we attempt to fay what Things themfelves 
are, there is indeed no Rule, nor any Abftra&ion, or Medi- 
tation that can or will then afiift us. It is a moil fruitlefs- 
Attempt to pretend, as Metaphyficians do, to let Reafon* 
into the Secret of Beings : God has referved that to him- 
fèlf. Ordinarily it is enough for us to know them from- 
their EfFefts, from their Relation to our feveral Senfations- 
or Wants, and even from their Refemblance, in fome 
Refpe&s, to other Efife&s already known. It is then no 
Wonder that Images fhould be to very convenient to us, 
when we are deiirous to difcourfe upon them. 
• Would we fpeak of God, we may do it according to the- 
moft fublime Reafon, by confidering him as a Being which 
is the Principle of all Beings, as the univerfal Caufe, in 
which Power, Liberty, and Order rende. Thefe Notions, 
although they are very far from making us comprehend 
what the Nature of God is, yet are infinitely juft and true. 
But, as they are abftrufe, and not eafiiy perceptible, they 
never can afFedl us fo much as thofe of a Father, and* a 
Judge. The latter are very fit to affeft the Multitude to a 
good Purpofe, and, as well as the former, having nothing 
in their Meaning but what is of the utmoft Truth and So- 
lidity. The Necefiity we are under, atprefent, of. living, 
• not indeed with pure intellectual Beings, but among Bodies, 
and dependent on a Croud of corporeal Ties, renders the 
Services of Imagination abfblutely necefiary to our aftual 
Condition. Imagination /peaks to us of Things, not con- 
formably to what they are in themfelves ; which is but of 
little Signification to us at prefent 5 but according to the 
Concern we ought to have in them. For Inftance; Is it 
not of infinitely more Concern to us to love our Father, 
and dread our Judge, rather than to meditate upon the be- 
ing perfe, and the being per accident ? The purely philo- 
fophical Reafon, even when it commits no Errors, iuitrudls 

«Mftsxy. 2. 27. 

but 
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but little, as it is but little attended to ; and its Advices 
can never be of Service to us, without the wife Imbellifh.- 
ments cf Imagination. 

On the other.Hand, and in Confequence 
The Dangers of the Remark already made on the Nece£- 
attending ft tv f tne Concert of all our Faculties, Ima- 

Imaginatio i. g mat i n, which is fo lovely when in Com- 
pany with, and under the Direction of Reafon, would in- 
fallibly lead us artray if it was alone, or did pretend to 
aflume to itfelf the firft Rank. There may be fomething 
falfe or exceffive in the corporeal Images it prefents to us, 
and its Pictures, when not regulated, will degenerate into 
Extravagance. Reafon and Imagination muft then alway3 
walk Hand in Hand, and in a conitant Correfpondence. 
But in what does that perfect Harmony and Agreement 
confifl ? Reafon muir. ftedfaitly adhere to fuch Truths as 
are juftined by Experience, and always referve to itfelf the 
Choice of what it ought to prefent to our Underftanding, 
and thofe Images which it may think proper to call to its 
Affiftance : Wiùlft Imagination, lending a modeft and 
ever obfequious Hand to it, make* it its Study to render 
the Inductions of its Miitrefs more affecting, without 
being itfelf too preceptiblc. 

It is this perfect Subordination of Imagination to Rea- 
fon, that renders Eloquence énergie and prevailing; that 
gives Poetry its Fire and Pictures ; that conveys Variety 
and Unaffe&ednefs into Converfation, and never fails to 
render all our Arts and Talents equally pleafing and fac- 
ce&fuL 
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Man confider'd as Governor ; 
Proved by his Memory. 
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IMagination is not the only Help, wherewith God was 
pleafed to ftrengthen and adorn our Rcafon. He added 
Memory to it, and has, by this new Faculty, flill better 
charadlerifed the Vocation of Man, who is appointed to 
take Notice of whatever pafles upon the Earth, and keep 
a Regifter of all, becaufe he prefides over all, and is to 
apply every thing to its feafonable and proper Ufe. 

The Animals are not without fome Kind of Memory. 
Thofe who are to live independent and provide every 
Thing for themfelves at a Dittance, and without requiring 
any Affiftance from us, eafily diftinguifh the Avenues of 
their refpeclive Haunts, and the Marks of all the Things 
that concern them. Thofe who are to remain near Man, 
and be perpetually at his Command, know his Habitation, 
Features, and Voice. They accuftom themfelves to what- 
ever he requires of them, and are ever ready to execute his 
Orders upon the firft Signal. But their Memory is limited 
within a very fmall Compafs of Functions, and reiterated 
Signs, which are the lame over and over. If you take 
them out of that, you no longer find any Seniibility or 
Reminifcence in them : Sut the Memory of Man is in a 
Manner as extenfive as Nature itfelf. It is a vaft Repofi- 
tory, wherein he ranges the Names and Situations of the 
Scars, and the fucceflive Diiplacings and critical Returns of 
the celeftial Bodies, at fuch and fuch Times and Points. 
He finds again there the Names, Features, and Profeffions 
of feveral Thoufands of his Fellow-citizens exactly titled 
and regiftered. He will lhew you there, if Occafion re- 
quires, not only the Streets of a large City, but all the 

Habi- 
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Habitations in the World, that have been famous by re- 
markable Events, by defirable Productions, or by a vail 
'Refort of Traders of all Kinds, fi is Memory keeps for 
him, in the belt Order, the Names, Figures, and Proper- 
ties of Animals and Plants,, and of whatever has a Form, 
or is of contant Ufe in Nature. He fees there the Names 
and Services, of the numberlefs Inftruments that will help 
his Hand to work tire feveral Riches of his Abode. His 
Memory is a faithful Journal, wherein he fums up the 
-whole Series of his Life, and runs- over a Crowd of Events 
he has been a Witnefsto, in order to draw from them pro- 
per Models for the Regulation of his Conduct. The a- 
masing Variety cf the Objects he collects in his Memory, 
is fo far from occafioning any Cpnfufion there, that his 
Faculty of recalling to his Mind the Things he fees no 
more, is always ftronger in Proportion as he exercifes it 
oftner. H re Memory may, if he pleafes, embrace the fe- 
veral Pieces that compofe the Life of Mankind in general. 
It entertains h : m very agreeably with the Particulars of all- 
Climates, and relates to him the Good and Evil that have 
been done from Age to Age. If it happens to deceive 
him, it is feldom for any other Riafon, but becaufe he 
fuffers it to be idle. The more lie exercifes, the more pli- 
ant and quick he finds it. 

The Monuments of the Hiftory of each Nation have 
Bounds ; but the Memory of Man has none. It will join 
one Hiftory to another. What it has once admitted in 
good Order, (efpecially when it retains it with the ftrong 
Ties of Reasoning and Pleafure) is a Depofitum it preferves. 
for us all our Lives. 

What I wonder at mod of all, is the Perfpicuity that is 
niaintain'd among thefe Images, which no Length of. 
Time, nor any Luxuriancy, can poffibly efface or embar- 
rafs. Somebody ihews me the Picture of a Man, whom I. 
have not feen for Twenty Years together. I immediately 
find a great many Faults in it. I do not think it altoge- 
ther unlike the Original : But the Mouth is too wide ; the 
Contour of the Face is too much upon the lound ; the Eye 
is too full, and looks fad. Thofe who have lived with the 
Man I fpeak of, find that I judge right of the Picture. 
Pray, where is the Rule that fixes my Judgment ? Where 
is the Voucher that can authorize my Ceniure ? It is ano- 
ther 
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ther faithful and indelible Portrait, which the bare Sight 
of that Man has left in my Memory, and which a Million 
of other Pictures placed by the Side of it, cannot hinder 
me from diflinguiihing directly. Notwithftanding this 
amazing Multitude of Images, which Man does not always 
fee, but which he keeps in Referve, to make ufe of occa- 
iionally, he has Table-books befides, wherein he now and 
then perufes the broken Materials of his numerous Read- 
ings, and confults Pieces that are lefs connected, and more 
•difficult to keep in Store, fuch as the Terms, Idioms, 
Phrafes, and peculiar Delicacies of three or four d liferent 
Languages. It is his Memory that fupplies him feafon- 
ably with the Difcoveries of the bed Genius's of every 
Age 5 with the ravifhing Strokes of the greatefl Orators and. 
Poets ; with the Reflections of Men, whom a long Expe- 
rience has rendered perfect ; in Ihort, with whatever he- 
has been able to learn in Confequence of his own Remarks, 
or by Means of the Works of others. 

When he is arrived at the Knowledge of certain Truth» 
by Reafon, and has made himfelf fure of the Acquisition 
of them by Experience; he depends upon his Memory for 
the keeping them. It is anfwerable tor them to him. It 
lays them before him in proper Time, not with every par- 
ticular Proof of them, but in a compendious Manner, and 
by way of Conclusion. One fingle Maxim, or even a fingle- 
Word, which it recalls to his Mind feaibnably, fpares 
him much Study and needlefs * epetitions. He finds there* 
at any Time, the Edict, or the Table of the Law, which 
is to be the Rule of his Operations and Conduct, in every 
Inltant of his Life. 

How is it poffible, that one fingle Head fhould fet in 
Order this amazing Multitude of Ideas, fo very wide from 
each other, and not the lead Trifle be miflayed in that 
Magazine, provided it is only reviewed now and then ? 
There, as well as every where elfe, it is the Eye of the* 
Mailer that keeps every Thing in proper Order. 

But he experiences in his Memory, a Kind of Conve- 
iency, never met with in common Magazines. It is a 
general Cuitom in the latter, fomeiimes to difplace and re- 
move a great many Things, in order to find what is. looked 
for. You mull at leafl read* the Tickets, to know what 
you are to fix upon : Whereas it is the Reverfe iaouc Me- 
mory^ 
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mory. If Man is willing to make Ufe of what he has 
feen or tried, that has a Relation to the Object that f&ls* 
his Mind ; this fingle Intention of his, does the Bufinefs at 
once : For, inftead of being then obliged to run over and 
perule the Table-books, in order to find his Ideas there, it 
is the Ideas themfelves that come and offer to him of their 
own accord. The others, at the fame Time, keep at a 
Diftance. That which immediately concerns him, after 
it has miniftred to him, difappears in its Turn, though 
flill ready to fhew itfelf again, upon every new Command. 
What can be the Corner of the Brain that ferves them for 
a Retreat? Nay, what Relation is there between Ideas and 
a Brain? What VefTels, or what Stream* of Spirits, can 
poffibly aflift thefe Ebbings and Flowings of Thought ? 
What is it can awake them from a long Sleep, and imme- 
diately lull them into it again ? What can animate all 
thofe Services with fo much Variety and Expedition ? How 
can the Brains contribute to Operations of fo fîhe andfub- 
til a Nature? .Are thefe Things then only in the Mind ; 
in the pureit Intelligence ? Can you let us into that Secret, 
ye great Philofophers, that have* ftudied andfifted Man to* 
the Bottom ? Here you fcorn to dwell upon the Goodnef» 
of the Gift, or the Intention of the Benefactor : For yoa 
think that no Philofophy. Of all the Faculties that help 
our Thoughts, Memory is, in your Opinion, the grofleft 
and the moft material It is effentially no more than a 
Matter apt to receive a Variety of Impreffions. What pro- 
duces Memory, is only a Stream of Animal Spirits, which 
imprint their own Stamp more or lefs deeply in that Mat- 
ter, according as they are more or lefs abounding. They 
form a Picture there ; and when new Spirits run into the 
fame engraved Strokes, the fame Images offer themfelves 
to the Mind again. Nothing can be more plain or na- 
tural. 

From the pofkive Manner in which you thus explain 
yourfelves, one would be apt to think, that you have at 
your Difpofal thefe Animal Spirits, the very Channels 
thro' which they run, and all the VefTels that convey them. 
As if you could diffed Memory. But, 'tis all Illufion. 
When I talk of the Superiority which Memory gives to 
the human Underflanding, over that of the Animals ; I 
fpeak, 'tis true, as one whofe Knowledge is but very nar- 
row» 



On the Memory of Man. 91 

row, fxncc I only fay what I know, and what every Body 
may very eafily know of the Matter ; but this Observation 
of mine is at leaft conne&ed with Realities, and may work 
upon the Mind, by filling it with Gratitude : Whereas 
when you materialize Memory, and learnedly articulate - 
the Eflence and Operations of it; you talk with Confidence 
of a Thing which you have no certain Idea of; and by 
that Means lelfen the Efteem which one might otherwife 
have for your Differtations. 

You know that the Rays of Light, being reflected from . 
the Surface of Objects, paint the Image of the latter at the 
Bottom of the Eye. I will allow you to fay (although 
you know nothing of it) that another ulterior J mage of 
them is immediately formed in the Brain : But, were you 
as fure of that as you are uncertain of it, there would be 
an Analogy, I fuppofe, between this laft Image, and the 
ocular one ; and as the Picture drawn by the Extremities 
of the Rays, at the Bottom of the Eye, lafls no longer 
than the Ihaking of the optic Nerve, it will be the fame 
with the Pifture which is faid to be drawn in the Brain. 
As fbon as the latter fhall ceafe being fhaken ; the pretend- 
ed Portrait which the pretended Animal Spirits had en- 
graved in it, will vanifli. What Pi&ure can then remain 
m the Brain ? 

Befides ; what can the Image of a Savour be r" What 
the Length and Breadth of a Sound ? Could the Pencil of 
Pouffin, or Raphael, reprefent the Smell of Jeffamin, and 
diftinguifli it from that of a Rofe ? Has a Colour any Out- 
lines that can be delineated ? According to what Direc- 
tion muft the Spirits ftream in the Brain, there to draw 
the Purple rather than the Grain- colour. There is no 
Image but what has its Dimenfions. But the major Part 
of our Senfations, having no Lineaments or Dimenfions 
whatever ; what can the Images of them be ? And whea 
the making of the Organs is perfectly over, how can there 
remain in us any Charafter or Figure of them caft in a 
Mould? 

I will not fay, however, that there remains in us no 
"ootfleps of what we have felt or thought ; let People even 
affirm, if they pleafe, that there remain in us Tracks and 
Images of all the Things we hâve experienced in the 
World. Thefe are ioofe Words, that found indeed very 

learnedly ; 
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but which teach us nothing in this, any more than- în m 
great many other Matters* They are tolerated, becaufe 
they are employed by way of Metaphors, and cannot lead 
us into any dangerous Miftakes. But let us frankly own, 
that our Memory, as well as' our Imagination, our Intel- 
ligence, and all the Things within us, is a marvellous In- 
ftrument, which we employ without underftanding any 
thing of it ; an Inftrument the more ufeful, as it performs 
Wonders, without our being troubled, in the leaft, with 
the Care of the Execution. 'f he only Thing we are al- 
lowed to underftand clearly, in this noble Prefent made us, 
when we were endowed with Memory, is the manifeft In- 
tention which the Creator had, to give Man Archives and 
Rojls, wheiein he might depofit all the Records, and keep 
a Journal of all the Things he is concerned in. But to 
what Purpofe has God given him Regifters and Rolls, if 
not becaufe he defigned him to be a Governor r 



Man confider'd as Governor ; 

Proved from the Extent of bis Will, the Free- 
dom, of his Choice % and the Direction of his 
Confcience. 

DIALOGUE XL 

GOD has not only rendered Man capable of Know- 
ledge, by infini <fting him fufficiently concerning all 
the Objects that furround him, and by permitting him to 
inform himfelf of them more and more by new Eflays and 
Trials ; but he alio allowed him the Liberty of appropri- 
ating the Uie of them to himfelf: And, left he mould 
give himfelf" over to Idlencfs or Trifles, he infpired him 
with a prevailing and unconquerable Deiire of being hap- 
py, which is the Spring and Principle of all his Adlions. 

His Activity, whicti renders him capable of thinking, 
projecting, and executing, and of applying the Organs of 

his» 
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Ws Body to a Variety of Works, might flag, 
and, from a State of Laflitude, fink into a Will, 
perfect Numbnefs; if it was not kept awake 
by a Love of his own Welfare. He is for ever in the 
Chace, and ftops where he thinks he has found the Cauie 
of his Happinefs. Follow Man in all his Motions ; nay, 
in his very Indolence 1 You'll always find him letting out 
from that Point. Let the Action you fee him do or avoid 
be what it will, the confiant Aim of his doing or avoiding 
it, is the procuring of his own Happinefs. This leads the 
Son of Philip from the Streights of the Heliejpont to the 
Granîcus : This makes him pais from Afia into Africa, from 
Africa to Indus-, and brings him back from the Indus to the 
Euphrates. This the Son of Pepin aims at, when he goes 
from France to Lombardy, and from Lombardy into Saxony. 
'Tis what the Son of Hugh Capet has fixed his Heart upon, 
when he employs ail his Talents, and the whole Time of 
his long Reign, in making his Subjects happy by the main- 
taining of a durable Peace, and the reftoring of Plenty 
in barren Years. . It is the Hope of being happy, that ren- 
ders the Learned greedy of Difcoveries, and the Ignorant 
fond of Trifles. The fame Hope animates the Artizan, 
who Lnds his Shoulders to the heivieft Burdens, and the 
very Tnief, who feizes the Property of others in order to 
fubfift without Labour. This Love of our Happinefs or 
Welfare is tien the Ground of ah our Defires, and it may 
be looked upon as the univerfal Spring which all Men are 
actuated by. Therefore our Will is the fame with our 
Love of Happinefs. 

But, notwithftanding our being propenfe 
to our own Happinefs, from a permanent Liberty. . 
and unconquerable Impreffion, yet we have 
ftiil the free Choice of the Means towards it. We carry 
our Eyes and Thoughts over all the Objects that iurround 
us. The Pleafure or Difguft which they give us, invite 
us to draw near or fly from them. Nothing in the World 
can either fill up or exhaufl the Capacity we have of de- 
Iring and loving whatever can pleafè us We may quit 
>ne Object for another, and go from Purfuit to Purfuit, 
from Project to Project, and from Trial to Trial. We 
may, likewife, from the bare Sight or Proof of one Good 
which offers itfelf to us, be fenfible of its being abfolutely 

neceflary, 



94 D I A L O G U E XI. 

necefTary, or barely ufeful, or perfectly infufficient, and 
accordingly be ilrongly inclined, or remain perfectly in- 
different to it. It is this Power of Election which we call 
Free- will, or Liberty. 

' It may incline us, more or lefs, to certain Goods than 
to others, either by the Force of an Attraction that is pre- 
fent, or by the Ties of Habits contracted in Length of 
Time, or by an inward Conviction of having found the 
true Source of our Happinefs ; but in every one of thefe 
Cafes, our Liberty is neither immutable, nor deftroyed. 
It is never hurried away by any compelling Neceflity, nor 
forced by any grievous Conftraint. 

Hitherto, all the Faculties which we obferve in Man, 
are fo many finifhing Strokes of the Image of the Almighty 
in him. That Liberty, above all, is the Characteriitick 
of his Sovereignty. For, as the Lord freely does what- 
ever he pleafes in the Univerfe, and rules defpotick over 
the whole Univerfe, Man, likewife, has not only a Free- 
dom of acting or not acting, but has alfo at his Difpofal 
Animals, Plants, Fofiils, and every Thing within the 
Reach of his Senfes in his Habitation. 

But, how much is it to be feared, that Gifts of this 
Nature will fill him with Pride, inebriate him, as it were, 
with his own Excellency, and make him lefs mindful of 
giving Glory to his bounteous Benefactor, than of purfu- 
mg his own Will and Satisfaction every where, or ready 
to admire himfelf on Account of what has been beftowed 
upon him ! Will not God, who gave him but a limited 
Science, fet Bounds likewife to this extenfive Dominion ? 
Shall he permit Man to lay Hands on all the Productions 
of the Earth, without Diilinction ; to pull down, confume, 
and make Property of what he pleafes, without following 
any other Law but that of his own Fancy, or the Senfe he 
has of his own Strength ! Here we are going to fee what 
God has infeparably united to Reafon, in order to render 
the Dominion of it moderate, and prefcribe a Rule to its 
Power, or keep its Defires under Reftraint. God made 
f . Confcience, and an inward Senfe of Order, 

on cience. ^ con ^ ant Companion of our Reafon. 
It may then be faid again, in the trueit Senfe, that it 
is with the Liberty of Man, as it is with that of the Al- 
mighty. The latter never exerts itfelf at random, or un- 

juftly : 
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juitly : Wifdom, and the Love of Order, are the Rule of 
all his Operations ; and it was in order to give the finifh- 
ing Stroke to his own Image in Man, that God rendered 
him capable of perceiving the Decency, the Proportions, 
the Moderation, Order, and Juftice, which ought to 
attend, or rather animate all his Works. Man makes 
no Step or Action, but what has its peculiar Aim or Pur- 
pofe ; and he is confcious that this Aim ought to be juft 
and honeft. He knows he has an Infpector, and a Judge, 
that takes Notice of every Thing : and, left the Oblivion 
of God fhould render Man unmindful of referring his Ac- 
tions to their true End, or even capable of attempting 
every thing without any Diftin&ion of Right or Wrong ; 
God, together with the Senfe of what is good and honeft, 
has placed at the Bottom of his Heart the Warning of his 
Confcience, with Regard to which, Man may fometimes 
lull himfelf afleep, but which will not ceafe, neverthelefs, 
to fpeak to him, and is a Faculty as imperishable as his 
Free-will, becaufe it is equally the Work of the Creator. 
If Confcience has not always the Power over Man, to 
make him forfake his perverfe Habits, or put a Stop to 
the Effects of them ; it difturbs him at leaft in his ill i rac- 
tices : It forewarns him : It reftrains him in the Middle 
of his Excefles. He carries every where within h m, not 
only a Witnefs of all his Actions, but alfo a faithful Moni- 
tor, or even an impartial Judge, who commends him for 
all the Good he does, and unmercifully condemns thofe of 
his Proceedings which are contrary to Juftice or Truth. 
Whatever is true, juft, becoming, lovely, or praife-worthy, 
his Confcience fecretly extols the Merit of it in his Eyes, 
and excites him to the Practice of it. Whatever carries 
with it the Face of Falfhood and Injuftice, of Meannefs 
and Indecency, of Unhand fomenefs and Difhonour, he 
never can confent to it without being immediately re- 
proached with it by his Confcience. Its firft loud Cry pre- 
cedes the bad A&ion. If he then executes his ill Purpofe, 
**e does it with Anxiety ; and, ifpofliblc, in the Dark. 
>r if the Voice of Confcience is filenced by the Tumult of 
allions that hurry him away ; Confcience, notwithftand- 
ag his apparent Contempt of Juftice at that Moment, will 
son punifh him for it, by reminding him of his paft Vil- 
lainy: 
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lainy : It gnaws him inwardly, ty expofmg before bfs 
Eyes the Detail of his Violations of the fupreme Order, his 
inmofl Intentions, the true Motives which he had difguifed 
in his own Mind, and every one of his moil fecret Motives 
and Concerns. 

This Cry of Confcience is heard every where : It is the 
fame in all Ages, and among all Nations. The Abhor- 
rence of Vice, and Apprehenfion of tranfgrefling Order, 
have taken Place before all Laws, which are only more or 
lefs extenfive Exprefllons of a common Law we all of us 
carry within ourf elves. Edicts and Rules were as yet un- 
known at Athens and Rome, when Theft, Adultery, Infi- 
delity, and Tyranny were already detefted there. All the 
Hiftories that are now left of the moil celebrated Nations 
or Men, are a Series of Upbraidings againfl Vice, and of 
Applaufes bellowed on Virtue. What can that Concern, 
be with which we read the Narration of Things fo very 
foreign to our Manner and Affairs ? It is indeed nothing 
more than the fecret Judgment which our Confcience paf- 
fes upon them. 

Learning, Force* Induflry, Eloquence, and all Talents 
in general, have been every wkere praifed. They have 
been looked upon by all the World as an Emanation of the 
Divine Effence, ores a happy Participation of its Favours. 
But that which has at all Times been thought the Imita- 
tion, and the molt perfect Communication of it, can be 
nothing but Virtue. 

Man may improve his feveral Talents feparately and 
without ruling his Affections. He may be a good Pilot, or 
an excellent Carpenter, without being a good Man. But 
the Love of Order regulates the whole Man without Ex- 
ception. The Rectitude of his Will communicates itfelf to 
all his Faculties. It will net fuffer any thing ufelefs in him, 
and fledfailly improves all and every Part of his Govern- 
ment. The love of Order is then what brings him nearer 
to the Perfection of the Almighty ; and a confiant Virtue, 
I mean a confiant Obfequiouinefs to the Dictates, ©f our 
Confcience, and our natural Senfe of Right and Wiong, is 
the moft lovely, and the mofl fublime of all Things. 

Such is the Sum of thofe of the Prerogatives of Man, 
which offer firfl to the Mind : Such are the firft Çharac- 

teriflics 
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terHUcs of his Refemblance with God. If God has done 
even much more for Man: If he has prepared for him a 
State of Perfection incomparably fuperior to what we have 
ièen ; it will then be Time enough to examine and en- 
quire into our Hopes, when we come to his Quality of 
Worfhipper, and the Privileges annexed to that Quality. 
IJut his Government is (b honourable a Poll, that we ought 
not to be contented with having ièen it only in a general 
Manner. Tt is both juft and delightful to know the Ex- 
tent, the Obligations, and the happy Effects of it. Let us 
all of us learn the Art of governing. 

The Execution of whatever Man directs and produces, 
depends upon the Ideas and Rules which he has made 
himfeJffure of by fufficient Trials, in order to farm the 
Body of his Science of them,. Let us now, with fome Lei- 
sure and Care, difcourfe upon the fineft Inventions of Man. 
We ihall lay afide pretended Sciences, imaginary Know- 
ledge, (lately Refearches, and all the Promifes of Difco- 
venes that have proved abortive. We ihall (till more care- 
fully fhun that gloomy kind of Metaphyfks, which takes 
upon it peremptorily to decide every Queflion, becaufe it 
can create Difficulties upon every Thing. An unhappy 
Fruitfulnefs this, which ends commonly in rendering in- 
tricate, and at laft eclipiing the Dignity of Man, fo as 
to make - him, like the Beaft and the Infect, no more 
than the vile Inhabitant of a lurking Hole, a Den, or a 
Hive. 

We (hall take for our Topkk that Science which is, mod 

known and general ; that which borrows its Praife from 

its Effects ; that which procures on Earth fome real Good 

which Mankind is actually poflèfled of; that, above all, 

which commands and encourages all the Works of this 

Life from the fennble Conviction of one to come. I am 

perfuaded, my dear Friend, that you approve very much 

of this Choice of mine, and that I' need not make any 

Apology for it. ' What I here promife you, may be called 

Hiftory of Reafon. I (hall not fwell it with the con- 

iictory Opinions of the Philofophers, becaufe I pro- 

ed you, from the Beginning, to follow Man; not in- 

d in his Errors and Miftakes, nor in the Attempt he it 

equaHo, but in that alone which is truly noble and va- 

Vol. V. F luable 
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luabk in him. I rank in this Clafs the real Improve- 
ments of his Underftaading, and thofe experienced Me- 
thods by which he learnt how to govern every Thing up- 
on Earth. 



Of ufual Sciences. 
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DIALOGUE XII. 

IF I prefent you here, Sir, with a Lpgiejc diffèrent from 
all the Logicks you know ; it mult needs be because I 
look upon it as a good one. But when I praife it with 
fome Confidence, it is only hecaufe this Logick is none of 
mine; it is becaufe I had it from all the People of good 
Senfe who in pail Ages, as well as in tins, have difHnguifh- 
ed themfelves from the reft of Mankind by an Accuracy 
and Judgment univerfally acknowledged and applauded» 

There are a great many Things true and well grounded 
in Ariftotle's Categories, in the Organum of Chancellor Ma- 
con, in De/cartes's Meditations, in the Logfck of Clauberge y 
ip the Art of 1 hinking of Port-Royal, in Crouze's Syflem 
of Refte&ions, m Locke's Eflay on human Underftanding. 
But, the good happens to be mixed there with Refearches 
which the moft judicious of thefe Authors generoufly ad- 
vife us to omit, as not being* very neceifery. In the above- 
mentioned Meditations and Effay, the Good proves to be 
mixed with Hopes and Fromifes which the Event has de* 
monftrated to be frivolous* : Nay, very often with Thoughts 
fitter to lead us aftray, than to regulate our Conduce. Two 
or three Inftances of the latter Kind will fuffice to give 
you the Notion of a Logick which Mankind may very well 
dp without. 

*§ttHiftoryoftktHeav. Vol a, 

" *Lccte 
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w *Locke maintains, that whatever is inconfiftent with 
« fuch Décriions of Reafon as are clear and felf-evident, 
" ought not to be infilled upon, or admitted as Matter of 
" Faith." 

Here is then, firft of all, the difcernrng of what we are 
to reject or receive in Point of Faith afcribed to Reafon, 
as the peremptory Judge of thes Matter. Hence the final 
Judgments of all thofe clear-fighted Reafons, which, tho* 
they never ceafe to contradict one another, yet if you will 
believe them, never utter any but clear and felf-evident 
Bêtifions. 

The Maxim here given us for the Rule of our Chriftian 
Profeflion feems not to be very fit to make Chriftiam. 
When uttered by a Man who gave himfelf once for fuch, 
how can it be made to agree with St. Paul, who will have 
us captivate our Underftanding, and bring it under the 
Yoke of Faith, and admit of the Sacrifice of a Mefliah up- 
on a Crofs, although our Reafon j udgts it a Madnej's, that 
is to fay, a Tenet inconfiftent with what Men fancy to be 
perfectly clear and even felf-evident. 

St. Paul, 'tis true, will have our Obedience to Faith be 
reafonabie, becaufe nothing is fo reafonabie as to keep to 
the Certainty of fcnfible Teftimonies* and of Fa&s of 
which the Proofs are in our very Hands, and before our 
Eyes. But St. Paul, nor any of the firft Chriftiam^ ever 
acknowledged Logick which fubmits Faith to the Decijions 
of Reafon. Their Logick, on the contrary, was to make 
themfelves fure of Revelation by the Concurrence of Wit- 
nèfles, and to look upon that Revelation as the Supple- 
ment, the Help, the Rule, and Glory of Reafon. 

The fame Locke advances with Juitice, and according 
to univerfal Experience, that our Knowledge lies within 
a very narrow Compafs : But he thinks us fhort-fighted fi> 
far as not to be able to diftinguifh, by the -Différence of 
the Sentiments and Effects, our Soul from a Body, as we 
very weil diftinguifh Air and its Properties from Water 
and Nitre by difceming their fenfible Effects, although we 
have no manner of Knowledge of either of thefe three 
Bodies. Again,. he thinks us dull to fuch a Degree as 
ftot to know whether a Lump of Matter, a rough Piece 

* Pé %' 573* * &&*'• dmft* 
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of Marble» a Pumpion, but above all a Body difpofed in 
the manner of the Brain (although he knows the Brain 
much lei's than he does a Pumpiôn) might not have the 
Power of Thinking, Perceiving, Judging, and Reafbn- 
ing. This is a new Piece of Logick, Hill liable to .be 
controverted,, and the Generality of Readers deny it not 
only as a dilutable Point, but even as a monftrous Ab- 
furdity. 

One is much fnrprifed after that, that a Man who 
extenuates and materializes Reafon fo far as to confound 
it with a Lump of Mire, or a fmall Vortex of Dud, 
fhould dare to place that Reafon upon a fupreme Tribu- 
nal, there to judge peremptorily of our Faith, and de-. 
• termine what God ought, or ought not to have proposed 
to us as Matter of our Belief. < 

How ftrange foever that Chriftianity and Condutt muft 
be that have fuch a Logick for their Rule; all we mall 
fay againft the latter is, that it is very far from being 
inconteftable, and that this Logick, and all the others, 
are not abfblutely necefTary. What we are now looking 
for, is a Way of Reafbning, that may at once {pare us 
long tedious melancholy Studies, and lead us to common, 
and as it were palpable Truths, both in Point of Bunnefs 
and with regard to Sciences and Revelation. 

We know a Multitude of Writers that are dead, and 
a great many People now living, that have acquired 
much Honour by an uncommon Exa&nefs in Point of 
Reafoning, and by eminent SuccefTes of all Kinds, with- 
out ever having fo much as looked into the abovemen- 
tioned Logicks or any other Book of the Kind. Go 
and propofe Rules and Methods to that CounfeUor, 
whofe Eloquence is generally admired at the Bar, or to 
that Merchant, who has acquired a vail Reputation for 
Judgment and Integrity : They will tell you that there 
is no need of keeping them in fwaddling Clothes, fince 
they know how to walk. But are thofe excellent Genius's, 
who thus frankly own their being perfect Strangers 
to Logick, altogether without Method? Far from it. 
Nay, we might make very good Methods and true Sys- 
tems of Logick, by reducing into Maxims what we 
hear them fay, or fee them do. All thofe who have 
thought right and met with good Succefc in all Ages, by 

the 
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the Scnmdnefs of their Judgment, have had an excellent 
Logick. 

^Tis that Logick that governed the Execution of the 
Proje&s of Julius Carfar 9 and difconcerted chafe of the 
Gauls, always at Variance with one another. 'Tis the 
fame that regulated the Precautions of Charles the Wife, 
and the Campaigns of the judicious Turenne. 'Twas this 
Logick which inspired the great* Colbert with the Tafte 
of good EftabHihments : ' Twas that which guided James 
Cœur and Antony Crozat in the ièveral Undertakings of 
their Commerce. 'Twas the very feme Logick that en- 
abled Horace, Vida, and Lefpreaux, to fupply us with 
infallible Rules upon the Art of Writing; the fame, in 
fhort, that guided Tully, ^uintilian, and Rollin, iir the* 
beft Things they have faid concerning Eloquence and the 
Culture of the Mind. If our great Minifters, our fltilful 
Civilians, our famous Orators at the Bar, and our weal- 
thier Merchants are able by Word of Mouth, or in 
Writing, to clear the moft intricate Affairs, - and inge- 
niously to prevent the Consequences of unforefeen Acci- 
dents ; it is only becaufe they reafon well. Which is then 
their Logick ? If they have one, we need not have ano- 
ther ; that being at leaft furer than any other. 

Every one is able to confult printed Syftems of Lo- 

S*ck, and to pick and chufe the Good that may be in 
em. But, left we ihould take for Rules the falfe Opini- 
ons they may contain, or mifs the Truth out of Deference 
for celebrated Names, let us make fure of that Logick that 
has formed or guided all great Men. The whole of it 
may be fummed up in the following hiftorical Maxim : 

AU prudent Men that home taken a wif? Courfe and made 
a proper Choice in Point of Science, Bufinef, or Religion, ar- 
rived at the Knowledge and the Kind of Certainty which 
fuited their Situation ; firft, hecaufe they built upon what was 
well tried and fufficiently a f cert aine d\ and in the fécond 
Place, hecaufe they made Ufe of what was tried and attefted 
+o arrive at what they knew not. 

Such is the abridged Hiftory of their Prudence ; and 
fome Senfe the Hiftory of Reafon. Such is in good 
ruth our ufual Logick, as well as that of paft Ages. We 
y exercise ourfelves in it, and think of quite another 
ig than Logick* Everyone in his own Condition learns 
F 3 how 
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how to think right, by ufing himfelf to Observation, 
Refle&ion, and Reafon. How many Officers and Ladies 
there are who daily arrive at a wonderful Degiee of Ex- 
aftnefs by this habitual Method, without knowing that 
it is a Method ? 

We may make this a Kind of reflected Study, by pre- 
fcribine to ourfelves a Number of Maxims, gropnded 
upon the natural Bounds of our Underftanding, and thé 
good or bad Succefs of our Experiments. The Benefit of 
this Lagick will be fo far certain as it will incline us the 
right Way, and confirm us both in the Enjoyment of the 
Advantages generally granted to the human Under- 
ftanding, and in the actual Exercife of our acquired Ta- 
lents. 

The firft Part of the ufual Logic confifo in knowing 
what it is we underftand by a well tried Matter of Ea& ; 
the fécond conflits in knowing how we ought to pafs 
on from known to unknown Truths. There is no need 
of any Mailers or Books to fucceed in either of theft 
Points. 



PART I. 

Seujible Proofs, the fure y Foundation of our Know- 
. ledge. 

THERE are numberlefs Queftions, the Solution 
of which we vainly expecl from God, from Rea-. 
fon, from our Senfes, from all Nature and Society. We 
never obtain any Anfwer concerning them; or if we 
fancy that Anfwers have been given us; other Speculators 
pretend that they have received quite contrary ones. Both 
Parties exclaim and plead that they alledge none but the 
Décidons, nay, the clear and felt-evident De ci fions of 
.Reafon. Hence Difputes and all their Confequences, the 
leafl of which is very often their Unprofitablenefs, or 
the Vexation of not knowing at laA what to fix upon. 
Such is theQue&on of the Species and Figures of the firft 
Elements which Bodies are compofed of. 

If there are Branches of Knowledge altogether inac- 
celfible to us, fball we attempt to force a Pafiàge that way ? 

Let 
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Ltt tM rather conicnt to renounce it without murmuring. 
But, if there is a Kind of Knowledge that we can attain 
to, and lay hold of as it were with our Eyes or Hand, 
that will be our Lot, and will become dearer in Propor- 
tion, as it is more ufeful to as. Now, what furer Sign of 
an cafy Accefs to any Truth can we have, than the ien- 
fiWe Experiment we may make of it, or the never-failing 
Efie&s that correfpond with it. That Experiment is a 
furer Mark to di&ern Truth by, than the Touch-ftone is 
to diltinguid^Gold from any other Metal. 

Doubtlefs Trod might have bufied us upon none but 
purely intellectual Subje&s or have laid every Truth 
open before out Eyes without Clouds or Myftery, without 
aay Relation to fenlible Obje&s, or any corporeal Mixture 
whatever. But he has not done it : And who ihall dare to 
% to him, " Why didft thou not place me at ence 
" in the Sphere of the fpiritual Iacelligencies ? Wlrert 
" thou lodgedâ my Soul in this leaterial World, dklft. 
" thou prbpofc to degrade or fling it into a Lamp of 
c< Mire ?" Let us look with Scorn upon thefc unworthy 
Murmarers, who diftonour their Reafbn by Biafphemies, 
much more ridiculous than dangem*. 

It was not without fame very great Views, that 
God thought it proper to bind up our Minds with fo 
many different Ties to the material Objefts that furround 
us. He has thus effected his fet Pufpofe, which was, 
that we ihould make part of this traiifitory Society, to 
fnpply the Matter of our Works and exercife our Virtue, 
in Expectation of another Society, which he at prefent 
gives us but the Hope and Foretafte of. In all the diffé- 
rent Helps wherewith his bountiful Providence has 
deigned to honour and affift Man, fuch as his Sentes, 
Reafon, Confidence, the Hope of a better State to come, 
and the ineiHmable Gift of Revelation; God proves 
invariably faithful to his Plan, which was to link Man 
with Man, and hinder them from going out of that So- 
ciety, by rendering it neceûary to them, for the Supply 
of their rcfpe&ive Wants, for the learning of general Truths, 
or thofe necefiary to our Salvation. 

He makes them experience at the Bottom of their 

found Reafon Glimpfes of Truths, which are only hinted 

to them, and Defires of Perfection, that fill them with 

F 4 Activity. 
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A£Hvity. But if they are too defirous to get out of the^ 
Dark, he leaves them in it ; k is in the Society of other 
Men, that they look for and never fail to find the Foot- 
ftcps of all necefTary Truths. As God was not willing 
that they fhould accuftom themfelves to a Way of Think- 
ing and Acling, that would make them a fet of proud 
Logicians, of ièlf-conceited Wits, of fcornful Man-haters, 
fond of living retired, and far from the common Occupa- 
tions of Mankind; He caufes their Uncertainty to in- 
create, and their Darknefs to redouble in Proportion, as 
they flrive more and more to raife themTelves above 
their îsenfès, into the Region of what is purely intel- 
lectual. All thofe who have attempted to foar up fo 
high, fell to the Ground moil ignominion-fly : Whereas- 
God procures a true Senfe of Things, Security, and the 
Enjoyment of their Eflèdls to thole who ftedfaiUy con- 
fine themfelves to feniible Experience. 

You will not fufped me, my dear Friend r of Meaning 
by this affecting and feniible Experience, peculiar Fancies, 
Chimera's, Raptures, and perfonal Evidences, which are 
luminous to none butourfelves. We fhall avoid, with the* 
utmoil Care, the Behaviour of Fanaticks and Enthofiafts j~ 
who miftake the Sick nefs, or Diforders of their own 
Brain, for fo many Communications of the Divine Spirit, 
or their peculiar Fancies, for the Didatei of Reafoiu 
It was, on the contrary, in order to preferve us from thefe 
imaginary Illuminations, and to warn us againft all pre- 
tended Evidences, and deep Sciences, that God fubjected 
us to a common Method and Courfe, by making our Cer- 
tainty, and our well grounded Security, to depend upon 
tjie Experience of our Senfes. 

I call feniible Experience or tried Evidence, that which 
manifefts itfelf by an uniform Impreffion in the Operations 
of Men, and which correiponds with our Ideas, by never- 
fa ling Eflea* 

i . Such is, in the firft Place, the Impreffion which 
Numbers, Proportions, and Meafures, make upon us^ 
They are Relations that prove the fame, and are per- 
ceived and coniènted to every where. We never queftion 
any but thofe that are too complex. 

Jn China, as well as, in France, the Gardener who 
caufes a ftretched Line to turn round a» Pin ftuck. in the 

"" Ground, 
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Ground, and the Geometer, who makes one of the Legs 
of his Compafles turn round the other Leg, fixed to a 
Point, are both equally fenfible, that all the Points of the 
Circle drawn» are at the fame Diftance from the Centre, 
becaufe that Diftance in affreight line is always either of 
the Length of the fame Line, or of the fame Opening of 
the Compafles. It is experimentally and univerially true, 
that the Diftances in a {freight Line, that tally with a com- 
mon Meafare, are equal to one another. God alone con- 
tains this and all other Truths, fince they are as immu- 
table and eternal as he is himfelf. In what Manner he 
(hews them to us, I indeed know not: But it is his Will 
that our Senfes mould put us in the Way of perceiving 
them. I know not how they affeft my Mind, or be- 
come vifible to it : But all Men confent and agree, that 
their Senfes make this Truth palpable to them, that Di- 
ftances in a (freight Line, that are equal to common Mea- 
fure, are equal among thexnfelves. 

2. Another Kind of univerfal Impreffion, that proves 
the fame every where, is the inward Senfe we all of us 
have of our own Thought, of our Body, and thofe that 
furround it, of that undefignable Power, that communi- 
cates to us with fa much Elegance and Order, the Percep- 
tion of one and the fame Sun, of the fame annual Revo- 
lutions, and of the fame Univerfe. Is there any one of 
us that has not a thorough Senfe of the Thought or Refu- 
tation that fills up his Mind, and of that active Principle 
that renders him Mafter of his own Body ? Who is the Man 
that will ferioufly doubt the Exiftence of his own Body, or 
that of the Earth and Heavens ? Where is the Perfon that 
does not feel the Influence of that fupreme Cau(e that 
makes upon us, and in ipite of us, confiant Impreffions 
that are regularly repeated ? Let us be willing or not, to 
call that Caufe by the Name of God, we do not receive 
his Favours a whit the lefs for that, nor are we lefs con- 
fcious of his Influence on us, and of oar Incapacity of a- 
voiding that Influence. 
Iiet us difperfè all the Inhabitants of Pnrisy a Million 
f Men, all over the Plain of Grenelle*: The Dome of 
Jie Invalids acts upon none of them, and yet there is r.onx 
10 think, from the uniform Manner in which they fpeak. 

A vaft PJa : n near Pans* 
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of it, that they all fee it in the fame Manner, even to a 
Man, and that one and the fame Caufe affects them all 
round, with the* very fame Dimenfions and Colours, in 
fhort, with the felf-fame Perceptions. A few of them 
only, that are more (killed in the Practice and Difcern- 
jnent of Proportions, will perceive apart, and eafily make 
the others fenfible that there is not Symmetry and Har- 
mony enough between the Mafs of that large Body, and 
the Slendernefs of the Piramid that terminates it ; between 
that magnificent Support, and the fmall Spire it fuftains. 
Such are the Ideas that ftrike and make them all unite in 
one Opinion. That Dome has no Power over them. 
There is then a Caufe which uniformly imprints upon 
every one of them regular and confiant Senfations, that 
make them fpeak in one and the fame Manner. Let that 
Caufe be called God, or have any other Appellation what- 
ever : It exifls : It acts powerfully and regularly : It 
communicates itfelf to that Million of Squls, and is the 
true and only Bond that can thus unite them together. 

Thofe Ten hundred thoufand People, are then equally 
fenfible of their own Perception, of their own Body, of 
the other Bodies around it, and of that identical Caufe 
which operates in them, and in Spiteof them, that Uni- i 

formity of Perceptions at the Appearance of all thofe 
MafTes that are deftitute of Life and Action. 

Thofe who are deprived of fome one of their Senfès, for 
.Jnftance, of Sight ; have no manner of Notion of what has 
thus affected the others in this Plain. Although, therefore, 
there is a common Principle of thefe univerfal Impreffions, ^ ( 

that Principle does not generally communicate them other- I 

wife than by means of the Organs of our Senfês. Whence 1 

it follows, that our Knowledge increases and diminishes, i 

Hand in Hand, with our Senfes. 

3. There is a third and univerfal Imprefïïon of the J 

Influence of God, upon us, viz. the Knowledge which | 

Man has of the Injultice that would be done him by tak- f 

ing from him either his Life, or the Means of preiérving 
it, or the Enjoyment of the Fruits of his Labour. . Were 
he alone on the Earth, he would not fb much as think of 
thefe Things : But, being here with others that can hurt 
and wrong him, thelnjufHce he is afraid of informs him 
of the Injuilice he might be guilty of againft his fellow- 

1 Créa* 
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Creatures. 'Tis true,' the InfpeÔion of the Mium and 
Tuum, is not the Speculation of Jullice : But God mani- 
fefts the firft Principles of Juftice to Man, on account 
of his Wants, and by the Miniftration of his Organs. 
Nothing can be more wifely eftablifhed than this Order. 
If Man was immortal, and had been placed in a Planet 
where he did not perpetuate his Species by Marriage, he 
would have no Fdea of the Excellency of Chaftity, nor of 
the Turpitude of Adultery. And really, why Ihould God 
impart to him Truths and Principles that would be of no 
Ufe to him ? On the contrary, if he was indowed wiih 
a forth Sente, he would know a new Clafs of Duties that 
would regulate the Ufe and condemn the Abufe of that 
Senfe. It is then in a Manner relative to his feveral Wants, 
that Man finds himfelf inclined to the Obfervation of the 
immutable Principles of a Set of Morals that regulates 
his Condition. A Man who becomes an Hufbarid and a 
Father, knows what he owes to his Wife and Family. 
How and where does he fee thé Principles of his Obliga- 
tions in Europe as well as in America? We indeed know 
it not : But, he fees them becaufe he is a Hufband and a 
Father. 

Thefe Principles proceed from a common Source, as 
Colours do. God alone contains immutable Truths, 
and lhews unchangeable Colours. But, if Man is de- 
prived of the Ufe of his .Senfes, God does not commu- 
nicate to him a Certain Oafs of Truths which other 
Men fee, nor a certain Number of Colours which other 
Men know. Although then our Senfes can produce nei-' 
thcr Colours nor Truths, yet it is the Will of God that 
our fenfes Ihould ferve to make us perceive them. Our 
Senfes have not the Difcernment of Truth in themfelves : 
But they turn our Realbn towards that universal Truth 
which has Relation to the Tilings that ftrike us We 
were made fuch by the Creator : Such is the Order of 
God himfelf. 'AH we are to do is to follow that Order, with- 
out ever loling ourfelves in an Abyfs of Speculation con- 
cerning the Origin of our Ideas. Such a Study is far be- 
yond our Reach. 

4. Befides the Efteem we 7 ought to have for the feparate 
Advices we receive from every one of our Senfes, we can** 
not difpenfe with obferving and admiring how they mu- 
F 6 tuaily 
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tually help each other, and jointly contribute to make a» 
arrive at the Knowledge of the Truths that are of Con- 
cern to us» 

Man, very often, Hands in need of knowing more than 
he can a&ually learn by the Afliftance of his Eyes. He 
would fain be informed of what panes beyond the Reach 
of his Sight, or be acquainted with the Tnutfa&ons of 
remote Ages. He is fometimes at a Lois how to difcerrt 
what is juft from what is not fo, as the Cafes he is in arc 
more or lefs complex, and the Application of ample Rule» 
more or lefs puzzling and intricate He wifhes for, and 
has already a Glimpfe of a Life, wherein Vice and Virtue 
may be requited in a Manner altogether different from 
what they experience here below. God has provided 
Means to relieve him of all his Perplexities. His Senfes 
help him to learn what his Reafon does not teach him : 
What one of his Senfes cannot tell him, he difcovers by 
Means of another. Many of his Senfes, will often com- 
bine their various Advices towards finiihing his Convic- 
tion. But when neither his Reafon nor his Eyes can in- 
form him of what patfês in other Places, or of what was 
tranfa&ed formerly, his Ear comes to his Àffiftance, and 
inftru£ts him of every thing by Recitals, Atteftations and 
Embaffies : Nay, his Eye, his Ear and his Hand, will 
oftentimes witnefs the fame Things to him. 

Thus is Man indebted, not indeed to his Reafon, but 
Barely to his Senfes, and above all to his hearing Faculty,, 
for the Knowledge of what is of Concern to him in fo- 
reign Countries, and for the Knowledge of Hiftory. His ^ 
Ear, in fhort, is the principal Organ by which God in- S 

ftrudts him in the revealed Morals, and in all the Truths J 

that fix his prefent State, and procure his Salvation» 
Doubtlefs our Eyes, and with fumcient Witneffes, may by y 

their combined Authority, give a new Santtion to the Î 

Attestations of our Ears : But, as a Legation is the Means | 

by which we are informed of the Alliance a. foreign 
Prince is difpofed to make with us, we have likewife been 
apprifed of what we are to believe or praétife towards 
being faved by a fenfible and immortal EmbafTy, that has 
been dire&ed to us to reveal the Things that could not be 
found in our Reafon. 

Wifdom 
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Wifdom and true Logick do not conM in taking for 
our Guide and Rule, a Reafon which has no Knowledge 
of its own that can be fufficknt; but in preventing the 
Miftakes, and fixing the Anxieties of our weak Reafon, 
by the Simplicity and Certainty of the fenfible Means 
which God fapplies us with, of ftrengthening and ac- 
quainting it with every Truth that can be necetfary. 
«Let us make a ihort Recapitulation of them. 
The Uniformity of fuck Relations and Meafures as are con- 
ftantly juftified by an eternal Repetition of the fame Effects* 
The firft of thefe universal Means, is the Source from 
which we draw our fpeculative and practical Mathe- 
matics. 

The Senfe of our own Soul, of our Body, of other Bodies 
round it, and of that Caufe which conveys the unavoidable 
ImpreJJton of them upon us alL The fécond of thefe unir 
verfal Means, is the Source from which we draw all the 
Knowledge we can poflibly have of Nature, and a mo- 
deft Metaphyiics, that diftinguifhes Beings by their re- 
, fpe&ive Effects, without preluming to penetrate deeper 
into them. 

The Senfe àf<what is due ta us, and of what is reciprocally 
required of us by mr fellow Creatures This third univerfal 
Means is the firft Source from which we fetch the Rudi- 
ments of Morals and Equity. 

Laftly, the fenfible Experience of thofe Monuments, and 

Tefiimonies, and that uninterrupted Legation, which from 

Day to Day brings us the good News of our Salvation. From 

this fourth univerfal Means of inftrucïing all Mankind,. 

we have the only found and folid Theology, and a full 

Knowledge of Faith and Morality. 

By thus referring to Experience and convincing Tefti- 

) monies, the Study of Society, of Nature and Revelation , 

I we fix our Reafon in the Order which God himfelf has 

j, eftablifhed. We proceed from Light to Light : We ar- 

U rive at what is certain, and nothing is more capable than 

I a Method fo eafy and fo fuitable to our Condition, to fill 

us with comfort in our Troubles here below, and with 

Security concerning the Choice of the Couric we are to 

follow in our Search after Truth. 

The firft Part of our univerfal Logic will then confift, 
for the Learned as well as for the Ignorant, in acknow- 
ledging 
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ledging how weak our Reafon is when destitute of AffiA 
tance ; and in acquiefcing in the tried Methods which we 
have received towards Supplying it with the Helps it Hands 
in Need of. But thefe Methods muft be applied to their 
proper Ufes ; fo that the fécond Part of our Logic muft 
of Courfe turn upon the Manner of imploying what we 
know already, to arrive at the Knowledge of what we 
know not. The firft Part puts all Men indiitincUy upon 
a Level ; their Reafon being equally dark and gloomy. 
But what diftinguifhes the good Logician from the com- 
mon Man, is the right Ufe of the fenfible Means which 
Reafon has received of procuring its own Inftruttion and 
Improvement : And in this Logic, the moft prefumpju- 
ous among the Learned always proves the unfitteft to be- 
come à true Philofbpher, as his Perfuafion of finding in 
his helplefs Reafon, what God forewarns him to look for 
fomewhere elfe, is the " direcleft Means for him to mite 
the Truth he inquires into. 
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The Ufe of Senftble Means, and the Exerclfe of our 
Reafoning Faculty, 

THE Perceptions which we have of Things, and of . 
their Qualities, what we experience from the Tef- 
timony of our Senfes, what remains of that Teftimony in 
our Imagination and Memory, in mort, all the Objects of 
our Thoughts are called Ideas. Thefe Ideas joined toge- 
ther, are the Pictures as it were, of the Things within 
and without us. They are true and well combined Ideas, , 
when they anfwer exactly to the Things .they reprefent, 
and have among them the fame Order and Relations which 
are in the Things themfelves. For we compare many 
Ideas together, and we judge whether one is connected 
with or,ëxcluiive of the other. We likewife compare 
feveral Judgments one to another. We draw them near 
each other, in order to throw upon that which was obr 
fcure, the Light we perceive in another Judgment that 
feems to have a Connexion with it : And we thus become 
by Degrees more and more certain of the Exactnefs of our 
Thoughts; in Proportion as we experimentally find the 

Thing* 
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Things themfelves ranged without, in the fiune Manner 
we have conceived them within us ; or when we fee our 
Conceptions juftified by regular and confiant Effects. 

Man may exert his reafoning Faculty, either upon ab- 
ftrufe and purely intellectual Ideas, or upon practical Ob* 
je&s that are of common Ufe in Society. Here is a rea-r 
foning of the firft Kind. He knows not, for Inftance, the 
Relation which is between the Quantity X and the Quan- 
tity A, nor the Quantity B joined to the Quantity C. But 
he knows on the one hand, that A more B, more C, is 
equal to D diminifhed by the Quantity E. He knows on 
the other Hand, that D lefs E is equal to X. Whence he 
infers that A more B, more C, is equal to X. 

But thefe Reafonings, which he makes upon Objects 
fo very remote from the Senfes, are apt by their Coldnefs 
to chill his own Mind, and contribute but very little fo 
render him ufeful to others. 'Tis true, we are now con- 
fidering Man by himfelf, and exclufive as it were, from 
the reft of Society. But he is preparing to enter in to- 
it : This is indeed his neceflary Condition. He will then 
do very well not to learn the Art of Reafoning, purely ta 
know the Apparatus and Procefs of Reafoning ; but he 
will learn the right Way of ufing his Reafon, in order to 
fulfil his Vocation, and be ufeful to others by the im-> 
proving of his own Mind. It is plain that he will pro- 
cure their Good and his own in Proportion, as he takes 
Care to exercife his Judgment upon common Ideas, and 
conflantly to purfue that Kind of Certainty, from which 
fomething practical may refult: He is fure by that 
Means of becoming equally agreeable and ufeful to So* 
ciety. 

Neverthelefs, if he is bent upon having Ideas of his 
own, it is by no means an Impoffibility. But let him 
then, in that Cafe, go to another World that his Notions 
may be worth fomething there, or let him expect in this 
to be looked at as an Inhabitant of the Planet Jupiter 9 
or as fome Animal fortuitoufly efcaped from the Moon. 
A Man determined by Algebra or Metaphyfics, would 
no longer be one of us. Such a one is by no means thes 
Man we are looking for. 

The Organs Man is provided with are fo exquifite, 
that the Ufe he makes of them may ferre him in the 

room 
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room of Inftru£tions. A great Mafter in point of Eloquence, 
. and a good Mafter of Mufick, when they have a Mind to 
produce all the poffible Sounds and Articulations of the 
human Voice, never enquire into the Structure of the Tra- 
chea, or the Ac)ion of the Tongue, er the Concurrence of 
the Teeth, the Lips, and the Roof of the Mouth. Such 
an heavy lingering Method would be of no Service to them. 
They propofe to their Difciples, Models of Eloquence and 
Melody. They begin by executing their own Prefcrip- 
tions themfelves, and their Difciples, as well as they, learn 
how to fpeak or fmg elegantly, not by meditating upon 
Voice, but by finging and fpeaking. Reafon is a molt 
exquifite Inftrument given to Man to render him fociable. 
It can never improve by mrinking back on itfelf, or en- 
deavouring to inftrudt, itfelf by withdrawing from Society. 
Man ought rather to chufe the Objetts the moft ftriking in 
Society > to improve his reafoning Faculty bytheni; be- 
caufe he retains them with more Ea£e, Satisfa&ioa,' and 
Profit. He was born for that Purpofe. 

For Inftance, he cafts his Eyes upon two great Habita- 
tions of Men, that remain ftri&ly united, from the Necek 
fity of being of mutual Help to each other. It is a Maxim 
in one of the two, never to admit of more than two Clafles 
of Citizens, <vix. Warriors and Hufbandmen ; becaufe 
they look upon them as Sufficient to obtain the Produ&a 
of the Earth, and fccure the Enjoyment of them to them- 
felves. The other Republic adds to her Soldiers and 
Ploughmen; a third Clafs of Inhabitants, which is com- 
posa of navigating Traders, who carry the fuperfluous: 
Part of their native Productions to foreign Countries, and 
exchange them there for other Commodities which they 
think neceffary, or at leaft advantageous. Lactdamon is 
the Habitation of the firftZind: Carthage > of the feconcL 
If Man has it in his Power to ûx his Choice, and become 
a Citizen of one of the two, which of them mull he pre- 
fer ? This is Matter of Deliberation. Let us now con- 
sider the ieveral Steps of his Reafon, without anatomi- 
fing Reafon itfelf. 

He does not quefHon, in the leaft, the Neceftity of hav- 
ing Ploughmen and Soldiers i 1 the Republick : But the 
Uiefulnels of the Navigators is Matter of Hefitation. They 
are not very certain, whether the Idea of publick Happi- 

ods 
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nefs ought to be united with, or feparated from that of 
foreign Commerce. The Mind has then Recourfe, in this 
Dilemma, to well-known and well tried Ideas ; whichW 
kig agreeable to public Good on the one Hand, and to fo- 
reign Trade on the other, may fupply him wkh a Motive 
for reuniting the two, concerning the Connexion of which 
he is ftill in Sufpenfe, that is, with a Motive of affirming 
pofitively, that the Idea of publick Good fquares ana 
tallies with that of foreign Commerce. 

The comparative Ideas here meant, the well-known and 
generally tried Ideas, which mail fix the Uncertainty of 
Man in this Cafe, are the following. 

1 . Improving to the bell Advantage Things that would 
prove ufelefs, fuch as Iron, Flax, Wood, fuperfluous Quan- 
tities of Corn, or other Proviuons, that cannot be con- 
fumed. 

2. Repairing by Exchanges, and to a coniiderable Pro- 
fit, the Diforders of Seafons, the Havocks occafioned by 
War, and the unavoidable Lofs of a great many neceflary 
Provinons, or the Smallneft of our native Commodities. 

: 3. Employing in. great Forges, in Rope- yards, in Ma- 
nufactures of Linen Cloth, in Arfenals, in neceflary Tranf- 
portations, and in the actual Service of Fleets, a Multitude 
of Men, and Beafts of Burthen, which otherwife mull pe- 
rim for want of Occupation and Salary, or confume a» 
World of Proviiions without being of any Ufe» and con- 
sequently ftarve thofe who work for a Livelihood. 

4. Facilitating by the Charms of Liberty, of buttling*, 
and of the Profped of a great Fortune, . the Removal, and 
oftentimes the total Reformation of idle, uneafy, or un- 
traceable Citizens. 

AH thefe Ideas, and others refulting from them, are 
perfectly connected with the Happinefs of a Republic, of 
which they are the Support and Refource. On the other 
Hand, the fame Ideas have a palpable Connection with 
that of foreign Trade. This angle one implies all the 
others : And by means of thefe intermediate and univer- 
fally tried Ideas, the human Mind is gradually authorized 
ftriftly to conned the Thought of publick Happinefs 
with that of foreign Trade, which was not perceived at 
firft Sight. 

After 



ii4 DIALOGUE XII. 

After this Examination of the Superiority of Carthage. 
over Laced<zmon t it may be made a Queftion in the former 
of thefe Towns, which is beft, to let- Commerce be free 
to every private Man, or to put it entirely in the Hands 
of a Company of Merchants, with a Prohibition to other 
Traders, of ever meddling with it. 

Let us, on this Subject, liften to a Grecian Philofopher, 
who was naturalized at Carthage y where he could not be 
admitted as a Citizen, but upon Condition that he would 
confine himfelf to what is merely ufeful, by reducing hi* 
Philofbphy to Geometry, Mathematics, Navigation, and 
Natural Hiftory. This Philosopher is a Logician, and he 
intends to teach his Difciples the Art of Reafoning, but 
inftead of propofing to them an abftrufe Logick* that 
would caufe his School to be deferted, and befides fet 
him at Variance wi:h the Magiftrate, he borrows from 
Trade itfelf, which he is a Mafter of, and from the reign- 
ing Taûe of the Nation of which he is become a Mem* 
ber, the Examples of the Method he teaches; being 
perfuaded that the Habit itfelf of Reafoning, and fre- 
quent Models of good Arguments are the beft Inftruuiohs 
in Points of Logick. 

I am afked, fays he, whether I rnuft conned the Idea 
of publick Good with that of a free Commerce, given 
up to every private Man without Reiêrve. But, T reply 
firft of all, that this Notion of Commerce is too vagtfe 
and too general. It takes in too many different Matters 
and Countries, to become the Object of a Judgment lia- 
ble to no Miûakes. For, what can be {kid with Truth 
of a Commodity and a certain kind of Trade, is not 
equally true of all the others, fince the Ways and Profit* 
of Trade vary as much as the Matters that are tranfport- 
ed, and proportionably to the Exigencies or Taftes of the' 
feveral Nations we are to deal with. 

The Commerce of our African Commodities may be 
confidered feparately from foreign Trade: And in this 
laft, the Nature of our Affairs in our Colonies of Sicily 
and Sardinia may be very different from the Commerce 
which our Navigators carry on in the Fortunate Iflands, 
and with other Strangers who are not our Subjects. Now» 
this makes three Queitions out of one. 

Firft, 
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Firft, whether the Idea of publick Good is infepara- 
bly conne&ed with the Sale of our Corn and Oats, grant- 
ed in a fpecial Manner to a certain Company o£ Mer- 
chants, exclufive of all the other Citizens ? 

Secondly, whether the Idea of publick Good may be 
eafily reconciled with that of a Commerce entirely fred 
in ail our Colonies f 

Thirdly, whether the Idea of publick Good is compa- 
tible with the free Commerce of private Traders in Coun- 
tries that are remote and independent on us ? 

As to the firft Queilion, which is, whether it is for the 
publick Good to oblige all our Farmers and Landlords, 
to deliver up at à fmall and uniform Price, their Corn 
and Oat* into the Granaries of a Company that will en- 
grois the Sale of them in an exclusive Manner f the in-, 
termediate Ideas that come to oar Afiiftance in the folving 
of it, are the following. 

No Hope of Fortune whatever left to our Coanay- 
Peopk. A total Extinction of all Indu&ry and Emulation. - 
A Difficulty for our Farmers to pay in the annual Rent in 
Years of indifferent Crop». The low Circumftaacet of 
Farmers, neceflarily followed by the Ruin of the Artisans 
and Journeymen who get their Livelihood by them. 

If the Company that makes this Sale k nxed itftlf to 
a fmall invariable Price, this Commerce becomes void of 
Encouragement and Activity for the whole Body of the 
Nation. Corn, which is eafily prefcrved when in private 
Hands, is over-heated» and rots in public Granaries : A 
new Occafion this, for the exclufive Sellers to obtain the 
railing of the Price of Corn This laft Article being 
Once granted to the Company, it has ajways fome fpeciou* 
Pretence or other to prolong the Duration of the new Af- 
. fife ; and thus it crûmes a Nation, iriftead of being an 
Help to it. 

Experience comes here to the Affiftance of Reafon. No* 
Country fo thin of Inhabitants, and fo poor, as thofe 
where Corn is kept in Referve, and rated at a fettled Price. 
ThePeafants, thus deprived almoft of the only Matter which 
can procure them Riches, make no manner of Expence. 
Now, where the Country fpends nothing, the Towns muft 
needs languifh for want of Vend of Commodities : And it 
is what happens in thofe Places, The Countries are mi- 

fcrahle % 



n6 DIALOGUE XIL 

ferabte, and fill the Towns with People, who' have na 
other Employment but that of begging. 

All thefe Ideas, which are infeparably connected with* 
that of the Commerce of neceflary Commodities, carried 
on among us in the monopolizing Way, are, on the other 
Hand, inconfiftent with the publick Happhief*, and the* 
Opulence of a Commonwealth. Therefore, publick 
Good, and the Trade of necefiàry Commodities given 
over to a certain Company, are Ideas mutually exclufivc 
of each other. 

Our above intermediate Ideas help us to fee the univer- 
(al Mifery of our Sicilian and Sardinian Colonies neceffa* 
rily connected with the Commerce of our native Produc- 
tions and theirs, fuppoied to be exclusively centered in a> 
certain Company. Our maritime Colonies are not diffe- 
rent in our Eyes from our Provinces oh the Continent, 
Our Sicilians and Sardinians are as dear to us as the Car- 
thaginians of Numidia and Bizacena. Our Commerce is 
carried on with equal £afe and Benefit in every one of 
thefe Places. We know what pafles there. We are time- 
ly informed both of their Superfluities and Wants, where- 
by to regulate the reciprocal Transportations ofourrefpec- 
tive Products. Thus we trade, with the utmoft Facility, 
even in our remoteft Colonies : And as the lame Intereft, 
and the fame Wants, are common to them and ourfelves, 
there ought to be the fame Community in Point of Liber- 

2'. By defrroying Liberty and Emulation, you ruin the 
olony which makes one Part of the Republick, as well 
as one Part of our Revenues. 

The whole Scene changes, as to the third Question» 
There is no Connection whatever between the Idea of 
publick Good, and that of the foreign Commerce to be 
carried on, for Iriftance, in Albion *, or in the Fortunate 
Iflands f> by private feparate Merchants, rather than by 
a wealthy Company that mail be well protected. Here 
are the comparative intermediate Ideas which naturally 
offer to the Mind on the Subject, and render the Union 
of the two former utterly impofiible. 

Never to be informed, in due Time, of what pafles in 
foreign Regions, and of the Opportunities that may offer %£ 

* England* f The Canary JJlarrdi. 

making 



Of Sciences. i i y 

making a confiderable Gain. Never to be aflifted or di- 
rected bona fide there, by any Perfon refiding in the Place. 
To be ill terved, on the contrary, and wronged by Dif- 
guifes and falfe Relations. To ftrive to undo one another, 
not only by concealing the reipe&ive Tranfaftions from 
each other, but alio by reciprocal, jealous, or rather fu- 
rious Out- biddings, that have no other Aim but the Ruia 
of fuch of the Concurrents who take it into their Head to 
over-rate the defired Commodity. To fink one's own Pro- 
fit by bidding extravagantly. To break one's Obligations, 
for want of being able to retrieve an accidental Lots. The 
Difhonour and Difcredit of the Nation in foreign Countries, 
occasioned by Bankruptcies, and by the want of Subfiance 
in private infolvent Traders. All thefe Ideas are infepara- 
ble from the foreign Commerce that is carried on by pri- 
vate disunited Merchants, or by unfubfiantial and unpro- 
tected Companies. The fame Ideas are ftricUy connected 
with the Disadvantage of the Republick, which lofes at 
once its fugitive Citizens, together with their Advances, 
and its own Credit. I have then found in thefe compara- 
tive Ideas a common Meafure, by Means of which I am 
entitled to pronounce, that foreign Trade in remote Re- 
gions, and among Nations that are none of our Subjects, 
will gradually decline, if it is freely carried on by every 
private Man ; and profper infallibly in the Hands of a 
wealthy reputable Society, all the Members of which are 
animated with the fame Spirit, and able to repair its Lof- 
fês fpeedily, by the Multitude of its Undertakings. 

. The fame Truth may be treated Historically, becaufe 
an unquestioned Hiftory is no way different from unque- 
stionable Experience. Cart&age having a Mind to draw out 
ofLaconia, without much Expence, a Number of good 
Troops, which (he intended to keep in Pay, in order to 
fave her Ploughmen and Manufacturers, had engaged her- 
felf to fupply the Lacedaemonians every Year with a certain 
Quantity of Wine, of Pewter, and of fine Wool, to be 
dyed in Purple at Cape Tenarium*. Our Carthaginian 
Navigators went and fetched, at a cheap Rate, the Wine 
of the Fortunate Iflands, the Wine and Wool of Bcetica f, 

* Now Cape Matafan, in tbcSbutb of Mon a, 
f Andahufia % 

and 
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and the Péwter and Wool of Albion, which laft is almoft as 
fine as Spanijh Wool. We were fure of having the neceflary 
Recruits in due Time without interrupting the Culture of 
çur Fields, or the Manufactures, of our Stuffs, by any Le- 
vies of Soldiers ; and we made our own Provifion of Wine, 
Pewter, and Wool, with the utmoft Facility, on account of 
both the Cheapness .of thefe Commodities, and the consi- 
derable Valuation put upon them in Laconia, together with 
the Benefit of the Sale of the Overplus along the Coails 
of Greece. But our Merchants being all of them wil- 
ling to have a Share in the Commerce of thefe foreign 
Wares, had the Imprudence to over-bid them, in order to 
fupplant each other; and having had Loflês which they 
could not retrieve, they involved in their own Ruina great 
Number of our Citizens, who had made conflderable Ad- 
vances to them. Our Laconian Provifions became charge- 
able to us, from the Habit Strangers had contracted with 
us, of felling them very dear. Then Sichaus, Hunna, Ad- 
herbal, at that Time the wealthieft Merchants of Vtica 9 
came before the Senate of Carthage, in order to obtain an 
çxclufive Privilege for engrailing the Commerce of Albion, 
and the Fortunate Iflands, to themfelves, on Condition of 
remitting fuch or fuch Portion of the Profit into the Cafh 
of the Republic, and of leaving the Commerce of Bcetica 
entirely free as before. Ever fince this was done, the In- 
habitants of the Fortunate Iflands, and Albion, feeing al- 
ways the fame Company of Merchants equally determined 
never to go beyond a certain Price in all their Purchafes, 
have conuderably abated the Price of their former Sales. 
The Importations and Exportations are become advanta- 
geous again. Our private Merchants no longer fink their 
own Fortunes in that Branch of Trade, by ill-concerted 
Enterprises fuperiorto their Ability : And the Share which 
the Ripublick has in the Benefit of that Trade, as well as 
in the regular Supply of the Grecian Troops, who under- 
itand War better than we do, engages the Senate to relieve 
the Company of Utica in fuch Accidents as might fhake 
t&e Foundation of it ; fo that the Credit of the Nation is 
maintained with Honour, both in the Iflands, and at La~ 
cedcemon* 

It is indeed of little Signification to the Republick, 
whether the Bulk of the Profit of thefe Undertakings re- 
mains 
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mains in the Hand of Sicb*us, Hanno, and Adherbal, rather 
than in. thole of the Merchants of HadrumetUm, Clypea, 
Hipponium. The State has no Preference to make. Eve- 
ry one of its Members are equally dear to it. But it is of 
Moment to the Republic, that no Body fhould ruin him- 
felf for want of either Subftance or Discretion : And if it 
can rcafonahly grant Privileges, it muft needs be to fuch 
Citizens as procure it Riches ; becaufe the Riches ac- 
quired by the State are afterwards diitributed among the 
Balk of the Nation, by gradually facilitating the Diminu- 
tion of the Tax, and the Difcharge of private Merchants. 
*Tis what the State arrives at in foreign Trade, by the 
Precaution of exclufive Privileges and Protections. The 
Treafures of' that Company will, in Time, become the 
Safety of private Traders. 

Thefe intermediate and well-tried Ideas caft a Light up- 
on the two others, the Connection of which was not pre- 
&nily perceived ; and they (hew, that the public Good is 
mfeparable from the fpecial Privilege and Protection grant- 
ed to a Company of Navigators, to trade among Nations 
that are very remote, and independent on us. 

Bat, the better to know the Procefs of the Operations 
of a reaiomngMind ; let us borrow another Inflance from 
two Difficulties ftarted againft the Company of Utica. 
The firft is, that it is detrimental to the State, becaufe it 
carries to the Iflands nothing but Money inftead of our 
African Commodities ; the other Objection is, that ever 
fince the Eftablifhment of that Company, for the carrying 
on of fbreign Trade, inward Commerce is not the better 
for it, and is even more languid than ever. 

The Mind needs not, for the clearing of this twofold 
Difficulty, have Recourfe to Categories and fyllogiftical 
Rules; to the Di&unlon of complex or uncomplex Ideas; 
or to modelled, particular, and univerfal Proportions. AH 
it has to do, is to borrow from Experience fomething bet» 
ter known than what is objected, and that may have a 
Relation to it, in order to aniwer or remove the Objection. 
1. It is a well known Matter of Fac% that exporting 
Money is no Detriment to a State, when the Species that 
goes out of k for fome Operation in Trade, is fure of 
coming back with a considerable Interefl. 'Tis true, onr 
Company carries a great deal of Money to the Fortunate 

Iflands, 
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Iflands, and Albion ; but all we buy there is infallibly fold 
again, and with great Profit too, in Greece, or 2xTyre t 
or fomewhere elfe. The Company brings them baclç 
more Money than it carries away ; and thus the Objection 
vanifhes. 

2. That which is grounded upon the drooping Condi- 
tion of inward Commerce is much more frivolous. When 
Children happen to hurt themfelves, they vent their Anger 
upon whatever chances to be in their Way. Our Mer- 
chants do very nearly the fame. They fee the Company 
of Utka profper before their Eyes, whilil their Trade is 
almoft extinft. They lay it to the Charge of the Com- 
pany : But if you fupprefs it, wilt they fell a great deal 
more of their Cloth for it ? not an Inch. 

If they have a Mind to know the true Caufe of the Decay 
of Home- trade, and the only Remedy for it ; they need 
but go back from one experimental Idea to another. Ideas 
of this Kind are dofely connected, and always go Hand 
in Hand. Home Commerce is but fmall, becaufe the Con- 
fumption of Clothes and Provifions is not great. This 
Fault, when general, muft of courfe be in the Multitude. 
The Multitude never ceafe to confume, but becaufe it 
ceafes to work and receive Salaries. It works not, either 
becaufe it has no Work to do, or delights in doing none : 
And it is perhaps for both Reafons at once, that is, be- 
caufe fome are not diipleafed to be the Objects of public 
Companion, whilil others who wifh to work, have neither 
the Matter, nor the necetiary Advances, for it. 

The Remedy for this Evil is by no Means the Suppres- 
sion of the Company : which would rather double the Mif- 
chief, on account of the Idlenefs into which it would plunge 
that infinite Number of Hands and Matters employed by 
the Company. The only infallible Means of animating 
the Consumption, is an univerfal and confiant Attention 
in the Magiftrate, to employ able Men, either in public 
Works, fuch as the repairing of High Ways, the draining 
of Marflies, and great Buildings ; or in common Manu* 
faclures, and others ; even though one mould fometimes 
pay for Works not over neceflary. ' All* thofe who can 
work, being fure of their Gain, will marry without Fear, 
furnifh their Houfes, and regularly confume a Quantity of 
Stuffs, Leathers, and Provifions. If the Multitude occa- 

fions 
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fans a conftant Confonrption every where 5 Farmers, Mer- 
chants, Manufacturers, and Landlords, will conftantly fell 
their Cfops; Wares, and Commodities of all Kinds. The 
voluntary Advances, and public Money, employed in pro- 
curing at any time Work, and confequently Cloaths and 
Bread to Families in low Circumftances, would infallibly 
turn to the Advantage of the mod fubftantial, and render 
the whole State flourifhing and eafy. Therefore, The chief 
' Rffource And Spring of the inward Trade, ibhich is the Life 
ms it were of Society, conjtfts in the Vigilance of a Magifrate 
intent .upon procuring Employment tofuch as fometimes ivant it % 
void upon facilitating Confumption by the Certainty of Work. 
When- the Artifan, who- works To-day, knows not what 
will become of him To-morrow, the very Thought finks 
his Courage. He abridges himfelf of NecefTaries, and 
Defpair perfuades him at lad to become a pernicious M.m- 
*btr of the State, by taking to ' Robbing and Beggary. 
Such is and ever will be the main Caufe of a drooping 
.Trade : Nor can the Magiftrate revive it, but by prevent- 
ing die Idlenefs of a Multitude of Hands by the Certainty 
offcmployment, and the more his Prudence enables him 
to obtain this Capital Point, the greater Politician will 
* he be efteemed, and the Object of an eternal and univer- 
fal Gratitude. 

* Let us now leave Carthage, and borrow from our mo- 
dern Cuftoms a few more Examples fit to exercife ourRear 
fon upon, and to make us perceive its Method of Pro- 
ceeding. 

They make it a Query ; whether it is more advanta- 
geous to leave the AfTeflment of the v Tallage, or Land- 
Tax, to the Arbitration of the Collectors, who take that 
Office by turns in every Place,* and who on account of 
the Neceffity they are under of having a mutual Regard 
for each other, as well as on account of their being ac- 
quainted with their respective Abilities feem to be very fit 
Perfons to make a juft Repartition of the faid Tax, or to 
eftablifh a Tallage, and regifter it in a Book of Rates pro- 

.. * In France all the Peafants of a tallagcable Country are yearly and 
fuccefiively Collectors of the Tallage, two and two at a thfle. And 
the Impofition of that Tax which ought to be proportioned to the 
Lands they are Tenants or Owners of, is left to the Judgment of the 
two Colkâora for the Time being. 
Vol. V. G portionable 
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pomonable to the Income, Rent, or ProSeffion *f ewtiy 

tallageable Man. 

Public Good and arbitrary Tallage are the two Ideas 
to be connecled or disjoined. Our comparative interme- 
diate Ideas are thefè. In the Hypothecs of an arbitrary 
AfTeflinent of the Land Tax, the moft fubftantkl Men al- 
ways find in their Friendfliips, as well as in the Notion of 
the Services they are thought able to do to others, infal- 
lible Means of being treated more favourably than the reft» 
which muit needs overcharge or even crufh thofe who have 
lefs to depend upon. The Collector is fure of the Hatred 
of all thofe who think themfelves overcharged, and who 
is the Man that does not think fo ? He leaves his Place 
to another, that takes his Revenge for the Vexation of the 
foregoing Years : This becomes the Seed of hereditary En- 
mities fbll more fatal to the Families than even the new 
Burden which is the Occasion of it, and -even where there 
is no Spirit of Revenge, as many and as great Evils may 
often arife from a Meannefs of Soul. Nothing ib wretched 
as the Views and Judgments of a Man, without the ad- 
vantages of Education to direct him. He ièes*almoil every 
Thing wrong. A SilverEdgiug upon the Brim of an Hat, 
a Coat made of a fubflantial Cloth, a Bit of Lace that is 
& little fhewy ; fuch are moft commonly the Motives of his 
being perfuaded that-a laborious Artilan is in good Cir- 
cumltances, and that he will be able to bear a greater Por- 
tion of the Afferment. The moil tattered will of Courie 
"be ufed in the gentlefl Manner. Hence that Cuilom, fo 
very common, of burying Money in the Ground, where it 
lies idle, and is even loll very often by that Means. Hence 
the Slovenlin efs, and ill State of Health, and the fuppref- 
fing of all Decency, in point of Eating, Furniture, and 
Apparel : Hence the total Deftru&ion of all Hope and 
Content : Hence the unavoidable Character of Meannefs^ 
Timidity, and Difguife, which renders fome Countries 
Scenes of Grief and Mifery. 

The Idea of arbitrary Tallage is then demonftrated ut- 
terly incompatible with that of public Good, by interme- 
diate experimental Ideas, that feparate and render them 
irreconcilable. The Evils refulting from the arbitrary Af- 
feffinent of that Tax are fummed up in thefe few Words; 
It deflroys Commerce, and perverts the Character of a 
Nation* Or 
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On aie other Hand r a proportions! Tallage, well af- 
feffed and managed, remedies a Multitude of Evils, and is 
liable to no ill Confequence whatfoever. Here the Logic 
of the Peafant, and that of the Civilian and Tradesman, 
though attended with Ideas, in Appearance very different, 
yet, in the exadeft Truth, amount to one and the fame 
Judgment; to a. Judgment harrowed from Experience, 
•and, on that Account, fcpported bya threefold Degree of 
Evidence. 

A Countryman, whom I aflted one Day, «tfiatthePeople 
of his Village thought of the Introduction of the propor- 
tional Tallage, anfrvered me by a ruftic Joke, That he 
«fed formerly to fmother his Hog between two Mat trèfles, 
•far Fear of being thought too fubftancial, and of being 
affeflèd higher on that Account, but that he now killed it 
to die Sound of a Fiddle, without the lead ill Confe- 
rence. ' 

Aft. Lawyers their Opinion of this Eftabiimment ; they 
will begin by building upon the following Principle, which 
is an intermediate Idea to them, <wk. That there is no 
Happsnefs to be hoped for, -where there is not a juft and 
well regulated Liberty; but that this Liberty is never 
found but under the Government of the Laws. Whence 
it fol tows, that the fettling of the Tallage being convert- 
ed into -a well known Law, into a public Rule, common 
to all ; every Man knows his Condition, and lives eafy, 
becaufe he has nothing to fear from the Caprice either of 
the Affeflbr or Colle&or. 

Nor is the Merchant lefs ready to acknowledge the good 
Effects refulting from this Order : AU the WiSies of the 
Merchant are for quick a Confutnption of Commodities, 
which he thinks, at the fame Time, productive of public 
Good ; but that the fame Confumption is, in his Opinion, 
and according to Experience, an Effect refulting from Li- 
berty and Security. So long as the tallageable Man is af- 
feiTed in a known Proportion, he is fure of paying no more 
than according to what he has. He is not afraid of feeing 
his Labour punifhed, nor of being overcharged and refe- 
rable, for having been moreinduftrious, or more labcripus, 
than another Man. His Quota being once paid, he may, 
without any uneafinefs or Danger, exert his Prudence ana 
Ingenuity. If it is his Intereft to look like one in gooi 
G 2 Circum- 
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Circumilances, in order to promote his Commerce by the 
Facility which attends Credit,, or t J marry his Children to 
Advantage, from the Reputation of their being always 
well brought up, he will have Wine in his Cellar, rather 
than buy it for twice as much at the Tavern : he will pro* 
vide himfelf and Family with^ood and fubftantial Cloaths, 
rather than with Jackets of Ticking, which are of no Ser- 
vice to him. He will lie upon a Feather-bed, or a Mat- 
trefs, rather than upon his former Straw-bed. Now, if 
«the Inhabitants of a populous Country ufc themfelves to 
good Cloaths and Furniture, it prefcntly increafes, to an 
immenfe Degree, the Sale and Manufacture of Woollen 
Scuffs. Wool, that precious Commodity, is no longer in 
any Danger of finking in its Price, and of being under- 
valued, from the neceuary Confequence of the Reludance 
of Country-people to ufe it,. and the Fondnefs of the Inha- 
bitants of the Towns for more fhewry Stuffs. The Sale of 
Silks, Woollen Stuff;, Drinks, and Victuals of all Kinds, 
being briflc, and the feveral Branches of Commerce thriv- 
ing, the whole Kingdom muft be the better for it. There- 
fore the proportionable Tallage which encourages the Con* 
fumption, does, of Courfe, iecure the Tranquillity of the 
whole State* 

This Queftion once cleared, becomes the intermediate 
Idea of another Question, i//«. Whether it is the Taxes 
that render a Nation miserable ? From what has . been 
iàid, it follows, that it is not fo much the Imposition that 
caufes the Evil, as it is the Fear of being over aflefled and 
profecuted. For the Tax being proportionable to the Abi- 
lity of every private Man, may, on the one Hand, be as 
tolerable as it is neceflary ; and it procures, on the other, 
that Kind of Circulation which is moid ufefui to the whole 
State, by the manifold Employment of the Specie. Whereas 
the Fear of being over-rated and arbitrarily ufed, exhauils 
the Courage, the Induftry, and the Expence ; that is, all 
the Sources of the.Confurnption at once. 

But, is then the Eafe of the People, which proceeds from 
the Certainty of their Works, and the wife Proportion of 
the Tax with their Abilities, fo itri&ly connected with the 
Security of the State and true public Good, as we imagine ? 
.This is a Queftion which two Sorts of Logicians take upon 
them to di r tiufs. Let us firft liften to the Logic of the rich 

Proprietor, 
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Proprietor, we (hall afterwards come tô that of common 
Senfe, to the Logic of Humanity. 

The Proprietors of Lands, who moft commonly think 
they are born to poffefs the Earth exclufive of all others* 
fee at one View ; and from a Sagacity peculiar to them- 
selves, that the Indigence of the People encreafes the Num- 
ber of the Hands who are to make their Harvefts; and 
that ploughing and cropping will be cheaper in Proportion 
as the common People are miferable. Now, thefe Har- 
vefts and Ploughings made at a cheap Rate, and with 
Mildnefs and Submiffion, are the chief Good of the State. 
Therefore, making the People thoroughly fubfervient, i* 
what maintains every Thing in Order, and fecures true 
Subordination. 

My Intention was, next to this, ta liften to the Logic 
of Humanity ; but, it would have too many Things toiay 
to us nere, and we (hall be contented with referring the 
Rich to the Ideas refulting from Experience, and con- 
nected with their true Intereir. 

You wifh to be happy, we might fay to them, and yoa 
deftroy your own Happinefs by your Way of arguing. 
Can yoa call that a Happinefs which you are never Aire 
of? And how will you be certain of your Condition, if 
you ftrike at the Foundations of it yourfelves. 

You preach up every where the Maxim of keeping the 
People in Want, in order to render them fubmiffive, trac- 
table, and pliant. I grant, if you will, that the Multi- 
plication of wretched People, procures you Plenty of Work- 
men that give their Labour for a finall Salary. They will 
live as long as this Salary lafts : But you know what the, 
Condition of thefe poor Individuals will be, when there 
is no more Work for them to do. Would it not be much 
better for yourfelVes to give them greater Wages', and adi 
in concert with the other Proprietors, towards procuring 
all the Labourers of the Places where your Eftates lie, an 
uninterrupted Continuation of Employments, rather than 
be expoièd to their Infuîts, or be for ever giving Alms ta 
Legions of ftarving Wretches, or under the frequent Ne- 
ceflity of remedying the overflowing Evil, by involuntary, 
and moft commonly inefficient Contributions ? 

Labourers are the Majority in a State : If they are not 

happy, you muft not entertain the leaft Thought of being 
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fo yourfel£ Theis Eafe is the only Thing that can i«- 
creafe the Number of tallageable People ; that can. prevent 
Deiteiencies in- the gathering of Taxes, and of Courte pre- 
vent new afcflments, which are a neceïfary Cauft of the 
others being cruihed : Nothing but their Eafe can occafiort 
a Multitude of final! Expences, which are repeated daily 
and every where, and on which a brifc Confuntptioi» of 
Commodities, and the Soring it tel £ of "Commerce de* 
pend. Confequently, it is that, and that alone, which, 
maintains the eafy Sale of your Farmer's Crops, which 
keeps up your Leafes upon a confiant Footing, andenfurea. 
your Rent. Your Maxim, on the contrary, by keeping, 
the Low in endlefs Miiêry, ruins the Labourer, the Farmer*, 
and the Merchant ; it ftrikes at and fhakçs the. public 
Stocks, and confequently the whole State. Thefe are the 
intermediate Ideas, which being placed between thofe of- 
public Security, and public Mifery, render them altoge- 
ther irreconcileable. 

Thus, by every Method Reafoning imaginable, we 
çaft a Light upon the dark Relation which, is between two» 
Ideas, by the iucceffive Application we make of it to, otter 
Ideas, whofe Certainty is grounded upon Experience. But», 
although this Method of inveiii gating Truth, iô natural to. 
every Genius ; here axe, neverthelefs, a few common Pre- 
cannons, which are not always thought of, and the over- 
looking of which may throw u&into Miflakes. 

Thefe intermediate Ideas., which are thn* 
The Tkfunr applied by Turns, to both Extremes, mjoft, 
t ; on and Um- j n fa Application, which is, fucceffively 
2 tbT >m«- v™ 1 * 0^ them to tw*othor Terms* be under- 
awtate M*a* flood in the fame Manneson both Si&s : Or 
elfe, they would no longer be a common 
Meafiwe. It is then abfeliuely neceflary, truly to ft» the 
Senie of the intejmediate Idea» and to remove whatever 
double Meaning and OWcurhy there may be in it. Thj& 
is obtained by an exa& Definition, that cleans and fettle* 
the Signification of «very Word. It wasr for Want of fuch 
«a Iniight a& this, that Ebbon* Archbifhop. of Riw'ms, de- 
ceived hmfelf and others, when he argued thus. 

The Mam who i» cut off from Society, ha* lofl all tho 
Prerogative of it : He lofes his Eftates» hU Yaflhk, his 
C*ow% acd all his Right» whatever:. Now, inmis ^ 
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&épenafr is cutofPftom Society ; therefore he has no longer 
amy Claim to any Thing. . 

The Society fpoken ofih the firft Propofition, is Society 
in general'; whereas, the Society meant afterwards, 1» 
confined to the. EcclefiafHcal Communion. Thefe two 
Societies are not then one and the fame Meafure : Nor is 
Lrwis the Dubonair,. whether we fuppofe him well or not 
well, cut off ftom, die Communion, therefore cut off from. 
Society. 

Very commonly, the intermediate Idea offers itièlf to 
the Mind in the Manner and by way of Condition ; fo that . 
the Certainty of the principal Object depends, in that 
Cafe, on the Certainty of another Object, which muft be 
examined, in order to be certain of it. For Inilance-: If 
there is a Juftice which rewards Virtue, it is in another*, 
got in this prefent Life : Now, there is a Juftice which 
regards Virtue i there will then be another Life after 
this. 

The principal Idea that fills up the Mind in this Place» 
is die Reality of another Lifcto come. We fee it not ; 
and we endeavour to make ourfelves fure of it, from th« 
neceflary Connection it has with Divine Juftice, of which 
we cannot doubt. 

If we fuppofe itpoffible for a Man who reafons, to en- 
tertain the leaft Doubt concerning the Juftice that will in 
Time renvard Virtue % this Dilemma may be removed by a 
like Argument, and by Means of a fécond intermediate 
Idea thai mall be propofed , again, by way of Condition, 
in order to be examined. 

There is a Juftice 1 , which referves the Reward of 
Virtue to herfelf, if that Being who has conveyed Order 
into the Nature of Bodies, has eftablilhed any among in- 
telligent Natures. Now, the Creator, who has conveyed 
Order into Nature, has eftablifhed a no inferior (Economy 
among Intelligences ; fixice he gave them Knowledge, an 
. Averfion to Injuftice, a Value, for what is Good> a Con- 
ference, and the Expectation of a better State to come z 
There will' then, foon or late, be a Time for punifliing 
Evil, and rewarding Virtue. The Goodnefs of thefe Ar- 
guments, coniifts in being fure of the Reality of the Con- 
ditions. 
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Sometimes the Condition, or any other intermediate 
Idea, is propofed by way of Divifion into feveral Cafes» 
which are the only ones actually in Queftion, and the only 
poffible ones. The Exa&nefs of thefe Arguments, depends 
on that of the Divifion. For Inftance : Here is a Man 
who retired into a Convent, and has no Tafte whatever 
for Sciences : What but a Sluggard will he be there ? 

This Reafoning, fo very common among Satyrifts,- is. 
falfe or uncertain, on account of the Unexa&nefs of the 
Divifion. People know but two Kinds of Solitaries in 
Convents ; fome who apply themfelves to Sciences, and 
others who pafs away their Lives in Idlenefs. But there 
is a third Oafs of them, that can never be valued too 
much, viz. thofe who coniecrate themfelves to Prayer and 
Handy-work ; a Kind of Employment, which is the more 
ufeiul, as Piety is the Rule ai;d only Spring of it. 

There is an infinite Number of other Reafonings, of 
different Form and Character, which may all of them be 
expreflèd with Fire, with Energy, and in a very . few 
Words ; but fcholaftic Philofophy affe&s to protract them» 
artificially tacking all the Parts of them together, to form 
a Thread of SyUogifms. Then fhe methodically goes 
back, and refumes each Propoûtion feverally, in order tq 
recal the Nature and Properties of them to fo many digè- 
rent Rules. The whole may be agreeable to Truth and 
Reafbn. The Study of thefe Rules, and the Application 
which is made «f them to Arguments in Form, may fome- 
times be attended with the Certainty of Geometrical De- 
monftrations. But, Life is too fhort to be employed in 
idle Speculations. We reafbn very well, without this long 
tedious Method. It gives no additional Facility ; nay, it 
even facilitates the Operations of our Mind much lefs than, 
a quicker and more expeditious Way of reafoning would 
do* The latter renders the Mind more active and faga- 
cious ; the former makes it heavy and abfent. Let the 
following Inftance fhew you what we get by being too 
much taken uj> with the Rules of Art. The Turn of Scho- 
laftic Minds, is often like the Gait of certain Dancing- 
Matters. The wit of thefe Men lies in their Legs : 'tis 
plain it refides no where elfe. A Man liberally educated, 
fteps more nobly than thev do, without fo much as think- 
ing of it; merely becaufe he is more natural. A Man, 
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who would afreet, to difpofe, according 'to the Rules of the 
Logick of the School, the Reafo nines he fhould make upon 
any Topic propofed to him, would likewife refembfe a 
Child, who never fpeaks Latin but with a diftinft Atten- 
tion to fuch or fuch a grammatical Rule. A Stiffhefs of 
this frigid Kind would infallibly chill the Mind, and lead 
it into Miftakes, by making it lefs intent upon the Matter 
in Hand, than upon the Method of treating it. 

Befides, it is a known Matter of Faft, that Eloquence 
and fweet Perfuafion expire on the Lips which never cpen 
but with Syllogifms. We know certain Nations whom s 
frequent Ufe of the Syllogiftical Jargon renders altogether . 
incapable of fpeaking in the Pulpit, or at the Bar. 

It fuffices then to the Mind, to fix all its 
Attention upon its Objea, and above all, to fl0 J ^f^ c ^ 
contract the Habit of difcerning whether p^i^ on . **" 
what it thinks it perceives is fenfibly and 
ftrittly connected with comparative Ideas more diilinctJy 
known than the Things it endeavours to prove. This lait 
Rule is the Recapitulation of all Logick. It often hap- 
pens, when we tranfgrefs it, that we attempt to prove a 
Thing real, by another, that has no Relation to, and is 
no way the Proof of it; or it happens (which is frill worfe 
in my Opinion) that we attempt to realise what is not, by 
Means of Things which are not. A Man has a Mind to 
fhew that the Earth is immoveable, and in the Center of 
the World *. The intermediate Idea he makes Ufe of, as 
being bell known» is* a Thought he is prepofTeiTed with» 
viz. that the Influences of the Stars and Planets fall on 
the Earth in a lirait Line, and without Interruption : 
Which would no longer be the Cafe, if the Earth was car- 
ried round the Sun in an Orbit of lèverai Millions of 
Leagues in Diameter. It is plain, that the Influences 
would often glance upon, or pals a great Way from it in 
its Changes of Place, which would difconcert the whole 
Syftem. But, this is pioving a Thing void of Reality, 
by another equally deftitute of it. It is attempting to con- 
ned the Steadinefs 01 the Earth» which is contradicted by 
Experience, with imaginary Influences no lefs contradicted : 
by it, or deflitute of fetisfa&ory Proofs : It is explaining 

• The Logick of P, JU 
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triutfc is naJcaoMra,. by wWJb. unknown ; fc that the whole 
remains ftiH in- the Sack. 

. The g*eafceft Part of th«fe,wfco reaûm wrong, commit 
Miftakes upon no other Acsouat, bat becaufe they take 
for fubfidiary* cleajp, and fiure Ideas, thofe which are fami- 
liar to diem. They fetch their intermediate Ideas from 
fcheifl favourite Tenets and Préjudices, from Self-Love, 
from the partial Opinion they are pvepoflefied with in Fa- 
vour of t&ek Country, Nobility, or Order; very often 
from previous Engagements» which they no Longer diilin- 
gittih from found Reafon, and oftner ftUl from their Ha- 
tred, which poifcns every Thing, or their Friendihip, 
which approves of, or excufes every Thing. Sound Lo- 
gic k, in all its Steps from what is more known, to what 
is lefs fo, fçrupulpufly lays, aiide all perfonal Prepoflèk 
fions, an infmuative or a magifterial Tone, infnaring rhe- 
torical Figures, Fortune, Hopes, and whatever can em- 
belliih, oc caft a dazling Light upon a Subject. 

Nor is it lefs feithful in decerning and honouring Truth, 
although it fhould have very uninviting Outfides, and not- 
withstanding its being neither commodious nor profitable, 
but; rather attended with low and vulgar Ways and Man- 
ners. Sound Logick is, above all Things, careful not to 
commit any Miftakes, as to what thwarts its Purpofes ; and 
the firft Thing it does, in Point of perfonal Affairs of all 
Kinds, is, to consider earnefily whatever favours the Senti- 
ment of others; and, if poflible, to help them to be in the 
&ieht. Thus it divefls Truth of every Thing foreign to it* 
and of what cannot be alledged in Favour of, or a gain ft it. 

The Method made ufe of to arrive at Truth, is not the 
feme with the Manner of proposing it to others when found, 
ïn al} our Researches, we naturally, and without Rule, or 
from nicer Neceffity, begin by confidering what has a fen»- 
.£ble Connection with our actual Wants, and then we pais 
On to the Things that have a lefs direct, lefs evident Re- 
lation to them. We amafs and bring, them together ; and 
we reject what is unconnected with, or uiêlefs to. our pre- 
•foit Purpofe. We collect the Things which may be forted, 
and of mutual Support to each other ; and finally, we make 
of them a total Sum refulting from their Agreement and 
Ufiion. Thus Hiftorians connect Monuments dilperfed 
here and there, to compofe their Hiftories of, whilft the 
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Architect amaffes (battered Materials to conftruft his in- 
tended Fabrick. In our Law-Suits and Dif- 
cuffions, and in all the Enquiries the Human The two op- 
Mind is capable of forming,, we begin by l*^ e **©- 
particular and experimental Truths-: We ™£[ '^ 
make fure of one Thing, and then of ano- Sy n thefi*. 
ther connected with it. We do not fome- 
times perceive the Relation which two or three Objects 
bear to each other : Nevertheless, we ftudy them feparate- 
ly, becaufe they prove tp have aConne&ion to fome fourth 
Object we are chiefly employed on. The Mind, by con- 
lidering them in many different Lights, at laft perceive* 
what it is they agree in, and by that Means it becomes 
able to make up with them a Demonftration, every Part 
of which affifts and corroborates the Whole. This is 
what they call Analyfis, or Method of Refoiution. 

But when we are to fhew others a Series of Truths, 
-which we have convinced ourfelves of, we no longer go 
about it with the Detail of particular Enquiries. We be-* 
gin by eftablifhing general, plain, and univerfally ac- 
knowledged Truths, which containing the particular Spe- 
cies, eafily lead the Mind from what it knows, in a gene- 
ral Manner, to the Application of it to fuch and fuch pe- 
culiar, or lefs well known* Objects or Truths, of whictv 
it had not a fufficiently juft Idea, or compleat Conviction. . 

'This is the Method called Synthefis, or Method of 
Compofirion • a new F}eld for multiplying Precepts and 
Rules.. But, whether we meditate for our own Inftruc- 
tion, or difçourfè for that of others, the great Art of Rea* 
foning and ordering our Thoughts-, is no more than th« 
Exercife itfelf of our reafoning Faculty upon experimen- 
tal Things, and the Habit of employing what we are al-> 
ready convinced pf, to arrive at the Demonftration of 
what has a certain Relation to it. 

If fo it be, the praclical Sciences, which we are now 
going to enter upon, are a trua and perpetual logical Ex- 
ercife, fince they only turn upon what is Experimental, 
and the Mind canaot fee its Reasonings rewarded by Ef- 
fects which juftify them, without acquiring thereby a 
greater Degree, of Re&itude and Facility. 
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Of Universal Science. 
DIALOGUE XIII. 

THE Univerfal Logick we have jufl treated of, is 
not, properly {peaking, a Science which a few Men 
teach, or acquire apart, and t>y themfelves, and unknown 
to the reft of Mankind. It is nothing more than Reafon 
itfelf ; it is merely common Senfe more or lefs unfolded 
and exerted. Nor is this unfolding of Reafon the Refult 
merely of a few abftrufe Meditations, upon the Proceed- 
ure of the human Mind, nor the Effect of a Set of general 
Rules fcientifically connected in a Book. The reading of 
fuch. Rules, may, as well as that of any other Treatiie 
that has Truth for its Balis, be of fome Utility ; but Rea- 
fon may with that Help Hill remain very raw, and in a 
very daggering Condition. If (he has a Mind to contract 
an habitual Exa&nefs, a proper Aflurance, and ibme De- 
gree of Extent, ihe will obtain it by acquiring general 
Knowledge, and by a long Habit of clearly difcerning the 
Connection between what ihe has, and what ihe has not a 
diftinct Knowledge of. She will improve nerfelf by taking 
exact Notice of all the Miftakes of others, and her owaj 
by inviolably adhering to experimental Truths 3 in ihort» 
by a confiant Practice of Reaibning, rather than, by the 
Study itfelf of our reaibning Faculty, and the Operations 
of the human Underftanding; fuçh was the Logick of all 
Ages. What can then the Science, which Man may ac- 
quire and exercife his Reafon upon, con fill in ? What* above 
all, are thofe Branches of Knowledge, which his Reafon 
may enable him to practife and apply to the Relief of all 
his Wants ? 

Now is the Time, my dear Friend, to infill upon the 
Principle refulting from. our foregoing Obfervations, and 
which I )\ave gradually infinuated to you, as our growing 
Experience intitkd me to do it. God, who created all 
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Intelligences and Bodies, of Courte knows the Nature of 
them : Bat Man, to whom he did not grant the Privilege 
of creating Beings, knows the Bottom of nothing. It will 
then be the greateft A& of Prudence in Man, to divert all 
his Thoughts from what God conceals from him, and ne- 
ver to be taken up with any Thing but what God ha» 
placed within the Reach of his Eyes and Hands, in order 
to exercife his Faculties. 

Let us chufe but one fingle Point in this whole Univerle, 
If Man will diicourfe upon that Point, upon that firft Be- 
ginning of a Line» or of a Body ; he may do it as a» Geo» 
metrician, or as a Philofopher. If he fpeaks of it as a Geo- 
meter, as a Hufbandman,and in order to meaiure the Length 
of his Lands, he, in that Cafe, conceives the Point as the 
Beginning or End of a meafurable Space ; and what he fays 
of it is judicious, becaufe he new keeps within the Limits of 
his Vocation and Knowledge. Has he a mind to give a 
philofophical Definition of that Point ? He then no longer 
Knows what he fays of it : he knows not what a Point is in 
Nature. All the Definitions of it Jead him often to Abfur- 
dities and always to fomething incomprehenfible. A Point, 
you are already fufficiently convinced, a fingle Point is 
enough to put ali the Schools in the World in a CombuiUom 
But what Need has Man to know that Point, fmce the 
Creation of fuch a fmall Being is beyond his Power ? A 
fttiort, Philofophy a&s againft all Probability, when* 
from that Point which abforbs and difconcerts all her Me- 
ditations, fhe prefumes to pafs on to the Generation of the 
World, or the ordering of God's Decrees; when notwith- 
ftanding her being intimately confeious of her own Incapa- 
city, concerning the Structure of individual Beings, fhe? 
takes upon her to reduce the Compofttion of the Univerfe 
into an intelligible Syftem, or of her own Authority, t* 
force a Religion upon us. y 

There is certainly a found Philofophy, but what is it ? 
True Philofophy conflits, very propably, in admitting of 
Religion, fince God has revealed it by Fafts, and in mak- 
ing a proper Ufe of this World, which God has not com- 
miffioned Philofophy to conftrudt. 

As for the re#, let human Wifdom carry its Conje&ures 
as far as fhe pleafes, and talk as loud as jhe will of her 
Prerogatives ; let her miftake at her Pleafure the Facility 
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fhe ha* to ilast QuefHons, and create Difficulties, fbr a. 
Source of Knowledge and Penetration : Let her fancy hex- 
iblf ki titled to judge of Natures, becaufe fhe can judge of 
Numbers and Proportions ; we. are not again ft any of thefè 
iine Things, and will not conteft any of her Prétendons : 
But, as we are fenfijble of the Danger of hunting after 
Sciences moft probably refhfed to us, we eagerly lay hold 
of that Kind of Knowledge, that may be farisfaftory to a 
rational Mind, and render Man both better and happier. 

Mian is appointed either to govern Minds, or to convey 
Order among the Bodies that furround him. Nothing 
more fimple and more fruitful at the fame Time, than the 
Kind of Knowledge with which God has endowed him, 
towards facilitating this twofold Government. Faéls and 
Meajures are the Subjects, which the Exercife of his Rea- 
ibrt, and his ufual Science is chiefly to run upon. 

We have nothing more precious upon Earth than Reli- 
gion ; next io which our greateft Treamre is Jurisprudence* 
which rules whole Nations, and private Men ; then Phy- 
fick, Œconomicks, Polity, Policy,. Agriculture, Trades,. 
Arts» and Commerce, which are the Supports of Life. 
■Mart has no true Prudence, nor any folid Comfort in all 
his Concerns, no more than in all the Operations of his 
manifold Governments, but in Proportion as he is guided 
by the Certainty of the Fa&s, and by the Judkioufhefs of 
his Meafures. 



FACTS. 

WE need not, in order to inform Ma»- 
of his Origin, Obligations, and Hopes, 
propofe to him any intricate- Dilutes, or pro- 
found Meditations : This is the Method of Philofophers. 
Alas ! how many have Oiled themfelves Divines* who> 
"were no more than fuch Philofophers. God leads Man 
quite another Courfe. The Knowledge of a fmall Num- 
ber of Facjs, is iuificient to let him into the right Way of 
Salvation : Thefe Faâs manifeit God, and his divine Will 
to him.; he finds therein the Objefts of his Belief, the Rules 
of his Condud, and the Motives to every Virtue. 
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*Tis «rue, tfcefe Fa&s are recorded and invariably re. 
feted in Books that can never be to* muck eheriflied and 
reverenced. But Books are not the only Means by which. 
thefe truths are- conveyed to ue ; G+6, unwilling that 
«heft Facts, written as they were, mould be disregarded 
eriùipe&ed, has difperfed Feot&eps and Atteftations of 
ihem every where» The Deluge» the Psomiiès made to 
£br*bam+ and the Refurreclion of one of his Defendants,, 
are the three» principal Facts mentioned in Revelation. 
The Monuments of all three actually cover -the Earth : I 
hope I fhallone Day point them out to you-, and I would 
fern infpire you now wkh a Deitre of inveftigating them, 
yourfelf, by way of Anticipation. 

But, we have fomething here ftill more eafy, and better- 
proportioned to the Capacity of the Generality of Men *> 
than the Scripture and the Iirtpection of Teftimonies. Tha 
Vouchers of our Eftates are deposited in the Hands of pub- 
lie Men, authorised from Age to Age to hand down I» 
us the Facts whereby we are informed of our feveral Rights» 
together with the inviolable Acts by which they are in* 
fured to us. But, there is no Part of the World where the 
Notaries, or other public Keepers of our common Ar* 
chives, come purpofely to meet and acquaint us with ou* 
Prerogatives : whereas thofe who are Truftees with the 
Deeds concerning our Salvation» are commiffior.ed to. come 
to and warn us of the fame; fo that they are Ambaflkdors 
as well as Depositories, which is a double Help to- ouï 
Reafon. When a Relation has bequeathed us the Property 
of any Thing, we cannot be informed of it in our own* 
Reafon, by dint of Meditation ; but our Reafon leads us- 
to the Notary Public. If God has made a Revelation,. 
and Promifes in our Favour ; if he has given us a Maker of 
our Salvation and an Inheritance, our Reafon does not tell 
k us, fo as to fix our Notions concerning theie Bleffings ; 
but fhe may confult thoiè who keep the Depoikum, and 
is-, moreover, forewarned and lbliicited not to remain un- 
concerned in that Refpect. Her Prudence does not then 
conM in confidering, by Means of her own Conjectures, 
whether God has manifeikd himfelf to Mankind, and in 
what Manner he mull have done it ; but in afkiag the 
following Queftions. Is there any fuch Thing as a pub- 
lic Bepofttwn, wketein At Vouchers of that great Event 
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are preserved ; and do thofe, who from Age to Age pre- 
tend to be intided to inform us of it, alledge Facts afcer- 
tained by Teftimonies ? Are both the Depoiitum and the 
Depositories well attefted r The whole amounts to this 
Point ; Reafon leads us to it naturally ; and (he is informed 
of it by a Crowd of feniible and ever-fubfifting Evidences. 

Thus does Grace, which makes the Cbriâian, lead him. 
by Reafon ; and it is the higheft Degree oiUnreaionable- 
nefs to liften to Philofophers, who, by mere Methods of 
arguing, and in Prejudice of Facts» attempt and pretend to 
wreft our Vouchers and Hopes from us, or to reform the 
Depofituni, by introducing into it Things hatched in their 
own Brains. Reafon has no Power againft Archives ; and 
the Employment of a Means of Salvation, fo proportion- 
able to our Wants, is a Conduct no lefs full of Goodnefs* 
towards Mankind, than of Prudence and Wifdom. The 
Depofitum fettles us all : The Ignorant, the Wife, and the 
very Depofitories themfelves are fubje& to k- 

Reafon is then infinitely commendable, when it does- 
not look out for any other Guide to Salvation than that 
which was given us, and will not argue upon the Grounds 
of Religion, becaufe Religion is s a Thing already made 
and fettled ; and the Authenticity of the Work of God, 
fuffices for Man to regulate his whole Con- 
The Human duct by. There is, likewife, much Judg- 
Sciences, Oeco- incnt j n difcarding the vain Syflems of Phi* 

Se™ Tarif- " lofo ?>y "* a11 thc Affa ? rs wc are to manage* 
prudence," of*, and in all the Operations, we ate to direct 
Reafon is contented, in thofe Cafes, with a 
Number of well fupported Matters of Fact, which become 
her Models or Principles of Conduct, of which (he daily 
learns how to make a wife Application, What are (Eco- 
nomics, Phyfics, Jurisprudence, Commerce, Politics, 
Polity, and all other Branches of ufual Knowledge, but a 
Heap of the moft certain Fads Men have been able to col- 
led upon every Subject, from which Reafon draws fuch 
Confequences as may both direct her new Trials, and guide 
her in her ordinary Operations ? Such is our Condition, 
which puts all Genius's upon a kind of Level, by humbling 
the mod ex ten five, from a Senfe of their limited Capar 
city ; and encouraging the weakeft, from the Confedera- 
tion of the Facility with which they may be aflifted by 

the 



Of Univerfal Science. 137 

the Knowledge of others, and from Day to Day add new 
Jnflruttions to thofe they have already received. 

The two nobleft Sources of Inûru&ion, and thofe which 
contribute moil to the Acquifition of the Sciences I have 
juft mentioned, are the Study of Nature, and the Hiftoiy 
of Mankind. They might be ftiled the firft Magazines of 
found Philofophy. I fhall fay but a Word of one and the 
other. 

We have very great Obligations ta thofe who have di- 
gelled and put Sciences in good Order, and taught them 
methodically by the Syntheus. But this is far from being 
always the moft agreeable Method ; and the 
Hiftoryof Nature, which expofes analytical- The Excel* 
ly, and in a particular Manner, the Fa6ts J" 1 " °J *° 
that may ferve as Foundations to moft of tlie "£ ory • 
fineft Sciences, is infinitely more engaging 
than the Generality of a Syftem which begins with em- 
bracing the Whole of a great Subject at once. It does, 
in fome Senfe, for every private Man» what God has done 
for all Mankind. Inftead of fhewing Things to Man in a 
general Profpeft, God has prefented them to him by Parts» 
at Diftances, in diffèrent Places, and at différent Times. 
He let him colled the feveral Pieces of his Knowledge» 
and affigned him the Honour of connecting the Wholes 
Natural Hiftory, likewife, offers us, in every kind, a 
Number of Fads, which engage us much by the Charms 
of Novelty; It gradually ripens our Reafon by the Judg- 
ments fhe pafles upon it, and renders the Mind inquifitive, 
a nd fond of making Obfervations, Trials, and Difcove- 
ries. It is then becaufe Natural Hiftory unites in this 
Manner both the Charms and the Benefit of Experience, 
that fhe is, for Beginners especially, the mod natural, as 
well as the fureft Method they can poffibly follow. They 
will at leaft fpeak of Things they have feen. 

It is the fame with Civil Hiflory, which TheUfcfMlnefs 
is properly the Hiftory of the human MindV o( civU Hif ' 
the Science of the Heart, and the School tory * 
of Society, There are many People of Me- 
rit, who fet a greater Value upon a good Maxim, or a 
judicious Saying, than upon a Series of Fadls ; and who. 
will, at any Time, rather chufe to put into the Hands of 
Youth Collections of Morals, than îùflorical Faits. Thei* 

Intention 
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intention in this, is to form the Judgment by the Troths- 
refulting fi»m A&ions, rather than fill up young Mind s * 
with Battles, or other Events,, that feem not fit ta convey 
any ïnflmélion : But, be pleafed to put the jMage*oiErqf- 
mus in Oppofition to the Hiftory of- Alexander, or of the 
Vifcount furenne; Erafinus* with his heavy Quinteflence: 
ef Rules, Maxims, and moT^ Reflections, fhall have no. 
Body on his Side : they either will not perufe him. at all^ 
or they will yawn at reading him. Whatever new Mo- 
ralities People have attempted to add to the few Reflections- 
of the Duke de la Rocbefwcaulty where very ill* received' by 
the Publick. His little Book was, fully Sufficient for the: 
thinking Age, and will always be too much for one Age, 
which never things at all. Nor k ifc enough, indeed,, 
when you d elite to improve Minds, and render them fruit- 
ful, that the Things you propofe to them be good in them- 
ielves ; they ought chiefly to be level to, and fit to make 
an Impreiiion upon Men of the narroweft Capacity. Now,. 
tais is the peculiar Prerogative of Hiftory : It inchants the 
Reader, by offering, to his Reflections a Chain of Fft£b», 
which, although they have- not the Air of tenons, yet are. 
the Seeds of the bteft Pfreceptfr, and* in Reality, contain ail- 
thé moral Truths whkh the Mind does herfelf extraft front 
them in a much more beneficial Manner. I own, that a, 
fingle Word of Monfieur de Tureme» is-, fometimes, more; 
aifefting and inftructtve than the Recital of his Battles. 
But the Merit of that Word, the value of the nobje Sen- 
timent it exprefles, is never felt compleatly, without the* 
Help of the Fà# I that occasioned it You may not only 
admire the Calmnefs of Mind, and good Order, that 
Jeign in all his Battles, but reap much Benefit likewife, 
from the Cautions that precede each glorious Day, and the 
Utility he derives from them. Great Benefit may be 
leaped alfo from the very Confeflions he makes of his Mil- 
takes. Hiftory, in fhort^ never ceafès to give u&ful'Iifc» 
Omettons, although it never* appears fo to do. Infinite 
Wifdom itfelf ufed the famé Method, when it came to in- 
ftruft the Man it had created. Inftead of always employ- 
ing plain Maxims, or cold Generalities ; it delights m 
staking him difcover the wholefome Truth in a Recital* 
and in the Appearance of a Matter of Fad. Sometimes it 
fc a Sower, who throws his Corn into Grounds differently 

prepared ; 
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prepared; fometimes the Father of a Family, who fend», 
into his Vineyard the Labourers he .finds upon the Place», 
at feveral Hours of die Day. It is a Child reclaimed 
from the Errors of his long Mifconduft : Or any other the. 
like Event, intelligible to Men of all Capacities, and fit 
to invite them to unriddle the Truth wrapt in it The- 
divine Wifdom knew her Work, and has taught Man ac^ 
cording to his natural Difpofitions. 

The fame Practice proves of equal life in 
the Study of the Signs or Words whereby we The Science 
acquire a Means of mutually understanding °L s ' gal and 
one another, and of making Ufe of the Know- 9 ' 

ledge of thofe who lived before us. Languages may be 
ftudied two different Ways, *viz. by the agreeable and con- 
fiant Habit of converting with thofe who (peak well, and 
with the politeft Writers ; or by a long Study of all the 
general Rules to which Grammarians have taken Care to' 
refer the Structure of the feveral Parts of Speech, and ail 
the Accidents, Turns, uncommon Expreiiions, and Changes. 
they are liable to. This Matter is of the greateft Mo- 
ment, as it is the Avenue ta all Sciences, • 1 mail fooa 
treat of it, when we come to the Article, of Education* 
and I hope that, after having convinced you, of the Judi- 
cioufoefs how reigning in the prefent Eftablifhment of pub- 
Kck Studies, I fhall make you fenfible. of the Reafon why- 
a much greater Benefit is not reaped from them. Thi* 
tranfitory'View of the Subjects ihews you, how furely and» 
agreeable Fads will contribute to our Infiru&ion, if we- 
are but guided by that found Logick, or rather found» 
Judgment, that knows how to make both a proper Choice; 
and Application of them. 

The other Part of the univerfal Science, is the Know- 
ledge of Proportions and Meafures. 

«— ■ — — ^— — 11 1 r 11 1 ^— — w», 

$ke Science of Proportions and Meafures. 

IF Man is a lively Picture of the fupreme Mailer of the 
Unwerfe, by the Notice he- takes of cv&y Thing in his 
Habitation; he is Hill move fo by the Skill with which he* 
meafures the Quantity, Extent» and Forces- of the Bodies» 
he employs* He makes hjmftlf fog of the Number he 

fliaU: 
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fliall want ; he fixes their feveral Lengths, and other DI~ 
mentions and Proportions. He mealures their refpedtive 
Weights and Allions in a Balance, in order to regulate all 
their Services. Here» more than any where elfe, we find 
him a Mailer who difcerns the Value, and appropriates to> 
himfelf the Ufe of whatever he meets with upon the Eftate 
he is Pofleflbr and Owner of. 

'Tis true, the Man who is a great Arithmetician, will 
not, perhaps, be a Geometrician, and the Perfon who is 
heft acquainted with the Proportions of Lines and Figures» 
may be no Mechanift. But you will fee, when we come 
to the Society of Man with his Fellow-Creatures, how ad- 
vantageous this Drvifion of Talents is, and in what Man- 
ner the peculiar Science of every private Man becomes a 
general Good to the whole Species. 

However, the firft Ground of all thefe Talents does 
moft truly refide in every one of us.. When we attempt 
to become fyftematical Philofophers, and Searchers of Na- 
ture, we bring forth nothing but Darknefs and DiJEculties t. 
But we are all born Mechanicks and Geometers. Now» 
what we all of us are,, without Exception, is very fit ta 
point out to us the Kind of Learning we are appointed to 
profefc. One fingle Occafton, or an urgent Neceffity, i*. 
Sufficient to awaken within, and produce without us, the . 
Principle of Skill and. Dexterity, which other Wants kept 
there afleep. Robin/on Crufoe, deftitute of ali Help in his 
forced Solitude, knows neither how to beat Clay into a 
kind of Mortar, nor how to burn it. He makes a great 
many vain Trials, to prevent fometimes the tumbling of 
the Walls of his Retreat, fometimes the finking of the 
Brink' of an earthen Pan» which he would be glad to make 
round, and harden. He ufes all Sorts of Expedients ; and 
with much Precaution, he at laft, becomes Potter, Car- 
penter, and Mafon. A Child who begins to caft up upon, 
his Fingers, and who is told that he is to have a fine Suit 
of Cloaths, or a Holy-day thirty Days hence, goes and 
hides thirty Pebbles in a Corner, and daily takes one 
away, in order to know how far he is from the Date of 
what he expelts. By this Method, he learns, both Addi- 
tion and Subilradlion at once. A Man grown up, but de- 
prived of the Advantages of a good Education, will, not- 
Wtthftanding his being a Stranger to the Science of Mul- 

tiplicatioa 
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plication and Divifion, yet make a right Enumeration of 
the Things he is concerned in, by representing them to 
bimfelf by fc many fmall Sticks; either to make a Total 
of a Sum repeated fevcral Times, or to divide a Sum into 
many equal or unequal Parts. Neceffity does not indeed 
give him any Inftrucrion in point of Calculation ; but it 
tompels him to have Recouriê to an Induftry he was pof- 
feflbd of without knowing i t. We (hall fee another, whofe 
Meditations lead him fo far as to make Rules 
to himfelf fit to guide him in other Cafes, and Counters. 
who orders in his Mind the Sums he is think- 
ing of, by connecting his too fugitive Ideas, with fuch 
manageable Objedts as fmall Stones*, or Bits of Slate, to 
which he afiigns different Names and Values, according 
to flie Manner of placing them. From thefe Calculi, or 
Counters, fome of which are reputed to be fo many Tens, 
others Hundreds and Thoufands, is derived the Word to 
calculate, 

Man facilitates and ftiortens his arithmetical Operations 
Hill more, by replacing the Service of Coun- 
ters with a few Figures or chalked Letters. The Arith- 
Thus did the Romans ihew one Finger, or metical Fi ~ 
chalked the Figure. I, which reprefents it, gurcs# 
which they had a Mind to exprefs Unity. The Roman. 
II, III, III! Fingers drawn near each other, 
expreued the following Numbers. They deprefle 1 the 
three middle Fingers, and extended the Thumb and little 
Finger only, to exprefs the Number five; which formed 
the Figure V. They fignified Ten, by putting two V 

one upon another *, or by writing an X. Then they com- 
bined the X, the V, and the I, till theycame up to Fifty, 
.or five Tens, which they exprelTed by laying the Five up- 
on its Side, thus <!. This figure affumed the Form of y 
.an L in this Pofture, and they made the Figure of ; a Hun- 
dred with two L thus put one upon another £, and then 
rounded into a C. LO, was appointed to fignify five Hun- 
dred, and CLD to fignify a Thoufand. Thefe Figures 
were afterwards changed, one into D, the other into CID, 
or into co, and then into M. 

* Calculi. 

Moft 
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Moft Nations have followed the natural 
The numéral Arithmetick of their ten Fingers, and are 
ïigurcs of the u f e d, in their Additions, to reckon Tens of 
Greeks and the Units, with which they make up Tens of 
Jfttewr. ^^ Qr HundredSj and then Tens of Hun . 

dreds, or Thoufands. They have, alrnoft all of them, 
employed, as the Greeks and the Hebrews did, the Letters 
of the Alphabet ranged in Order, which was fixed by 
Cuftom, to reprefent all imaginable Numbers. 

But, among them all, none employed a lefler Number 
of Figures, or have more ingenioufly varied the Significa- 
tion of them, than the Arabians. Every Man knows the 
nine Figures and Cypher they have invented. There is no 
Number but what can be expreffed with this ihort Appa- 
ratus, even without much Accumulation of Characters-; 
"becaufe the fame nine Figures which have expreffed Units 
in one Column, being tranfpdfed frpm the Right to the 
Left into the next, ftand there for ki many Tens of Units ; 
and in the third Column for Tens of Tens, which are 
Hundreds, and for Tens of Hundreds, that is for Thou- 
sands, in the fourth; always becoming, in their paffing 
from one Column into another, of ten times greater Value 
in one Column, than they were in the foregoing. How- 
ever, the Proceeding of this Numeration, the Skill of 
making feparate Columns to call up Sums of different Na- 
ture, fuch as Fathoms, Feet, and Inches ; the Precaution 
of putting a Cypher in the empty Columns, in order to 
'keep up the Value of real Figures ; a fmooth ready Practice v 
of the four common arithmetical Operations ; in ihort, 
the Golden Rule, which, by Means of three Numbers 
•known to us, immediately reveals a Fourth, which we 
could not otherwife have found out, but with Difficulty * 
all thefe Things, I fay, are fo very plain, that they often 
become the Reiource and Talent of the moll unthinking 
Minds. Let aTopick be given to twelve Orators, todii- 
courfe upon, the fame Matter will be cleared by them, and 
-reprefènted in twelve different Lights. The Ground and 
Carwafs is the Work of none of them , but the Arguments, 
Sentiments, and Beauties they drefs it with out of their 
own Thoughts, have no Manner of Likenefs to each other: 
Thefe twelve Difcourfes appear fo many feparate Creations. 
Give a Calculation to make to twelve different Arithme- 
ticians ; 



Of Vniverfal Science. 143 

*îcîans ; all the twelve conclude moil limply in one and 
the fame Sum, which is at once a Commendation of their 
Patience, and of the Rules by which they are dire&ed. 
Thefe Rules are of fuch infallible Service, and fo eafy to 
i>e learned, that none but People whofe Education has been 
^utterly negle&ed, or marred, can poffibly be ignorant of 
the Ufe of them. I fhall not then, by any Means, infill 
longer upon them with you. Let as rather pafs on to the 
nobleft Part of the whole Scene of Nature. Let us behold 
Man ftudying to render his Abode habitable, and making 
Tiis Profit of every Thing, by the Pradice of Meafares and 
.Mechanics. 

Here we might be ftopt by an Appsehenfion fufficiently 
well grounded! Geometry, which meafures Extension, 
and Mechanics, which weigh moving Forces in a Balance, 
are immenfe Sciences. They truly become fuch, by the 
infinite Number of Ufes to which they are applied : Be* 
«fides, they are considerably clogged with Queftions, not 
other wife ufeful, and di&ated by mere Cunoiity. But, 
the Elements of them are fiinple ; Nor do I intend even ia 
much as to teach you thefe Elements. I (hall only, for 
your Sake, fingle out buta flight Specimen of them. The 
right Line, the curve Line, the Lever,, and the inclined 
Plane, fhall be our only Apparatus, and we fhall even be 
contented with the iimpleit and lefs complicated Propor- 
tions. If thefe four Inftruments, which one might be 
-> apt to defpife at firft Sight, on account of their infignifiV 
cant .Appearance, have neverthelefs been fufficient to lead 
Man to perfect Inventions and innumerable Operations ; 
the natural Conclufion to be drawn from it, and which is 
the End I a : m at, will be this, «w*. That when Man exerts 
•his Ingenuity, within the Limits of that Knowledge which 
afïïfts his Government, and directs the Operations of his 
Hand, his Efforts are infallibly rewarded by the Acquifitioa 
•of a fatisfaÛory Knowledge, and often even by unexpected 
Succefs. 



MEASURES. 

TH E ftrift Union which is in us, between the Intel- 
ligence and the Senfes, authorizes us to help the 
iatcllc&ual SiibftatKse with the fenfiblc, and <via <verfa. 

Ther^ 
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Therefore the fame right or circular Line that fhall have 
been prefènted firfl to the Mind as an intelligible Object, 
ihall be entitled to appear again under the vifible Form of 
a Wooden- Ruler, a Brafs- Circle, or any other like Infini- 
ment, Truths are ftill thé fame under either of thefe 
Form*; and it being juft and requifite that they mould 
carry their Dcmonftration with them, to make us fure of 
the Profit to be derived from them ; we ihall endeavour to 
render them equally fhiking to both the Mind and the 
Senfes. Sure their becoming palpable can be no Detri- 
ment to them» 

Let People afterwards call them Definitions, Axioms, 
Corollaries, Lemma's, Practices, or any thing elfe, they 
are very welcome.- Here, the firfl Truths, the firft In- 
ftruments, and the firft Operations fhall be called plainly, 
i> 2> 3, 4, 5, andfoon, according to the Rank in which 
every Thing fhall offer, to be afterwards recalled and 
quoted as need will require. Our fiufinefs is not here to 
teach Geometry, but only to fhew how and to what bene- 
. ficial Purpofe Man is become a Geometrician. ' 

1. A Line ftretched between two Pins, 
The right Line, gives us the Idea of a right Line, which,from 
one Point to another, fwerves neither to the 
Right nor Left. 

2. The right Line is consequently the fhorteft Way from 
one Point to another; û nee any other Line begins to 
lengthen, as fbon as it makes an Elbow ; and the more it 
«loes 4b, the longer it will be. 

3. A loofe Chord gives us the Idea of the 
The cunre curve Line, whofe Curvature increafes with 

Ll '» c « its Elbows and Windings. 

4. Therefore, no more than one right Line can be drawn 
from one Point to another ; whereas an infinite Number 
of curve Lines may be drawn between them, which vary 
as much as their refpettive Bendings. 

ç. A line rubbed with Chalk ftretched between two 
fixed Points, then raifed in the Middle, and let go, marks 
out a right Line, which was fufficient at firfl to roughrhew 
and make lirait a wooden Ruler, fit afterwards to direct 
other Lines of the fame Nature. 

6. The Ruler was rendered perfect, by being applied to 
a Piece of Ice as finooth as level Water ; or to a Piece of 

Marble 
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Marble that was poliihed by the uniform Prcflure of an- 
other Marble. 

7. The Ruler applied to two -Points is fumcient, toge- 
ther witri a Pencil, to draw out the whole Line, fince that 
Ruler reprefents and helps us to find the fhorteft Way from 
one Point to another. 

8. The Ruler, when applied every Way 

to a fmooth Surface, ferves to fliew whether The plain Sur- 
that Surface is a perfect Plain, being itfelf **<*• 
perfectly even. 

9. Or whether it is convex by rifxng. J™ "■"" 
1 o. Or concave by finking. 

1 1 . The Point may be coniidered phyfically, as the 
fmalleft Portion of Matter ; in which Senfe, a Point is as 
inconceivable to us as the whole Univerfe. 

1 2. Or, it may be confidered mathemati- The Mathe- 
cally, as the Beginning or End of Length, ma ti C al Point. 
and as having the fmalleft Size that can pof- 

fibly bring it within the Reach of our Senfe s . 

13. Taking it in that Senfe, a Series of l^^ 
Points is neceuary to make a Length. 

1 4. A Series of lirait or curve Lines ranged Breadth. 
by the Side of each other make the Surface, 

which is at the fame Time long and broad. 

15. Several Surfaces being underftood, j*** or ^ 
like fo many Leaves laid one upon another, l *' 

form a Depth, or the folid Body, which has at once, 
Length, Breadth, and Depth. 

16. When we have a mind to judge of unknown Quan- 
tities or Exténuons, we compare them to a Meafure which 
is known. 

17. The Want of a firft Meafure that Inffituted 
might be added to itfelf, and repeated feve- Meafures. 
ral Times, caufed Men to have Recourfe to 

divers Exténuons, which commonly prove much the fame ; 
fuch as, The Grain or 

1 8. The Breadth of a Grain of Barley. f^* or ^ 

19. The Breadth of the Thumb of a full ^te Inch, 
grown Man, or twelve Grains of Barley. 

20. The Breadth of his Hand, that is, a ™ e Palm ' Qr 
Palm, or four Inches. . Span# 

Vol.V. H 21. The 
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The Foot. 21 * The Length of his Foot, or twelve 

Inches. 
The Cubit;' 22 « The Length which extends from his 

Elbow quite to the End of the longeft Fin^ 
ger, or a Foot and a Half. 

T , - tIl 23. The Length of his two Arms horizon- 

or fix Foot. ' ta % Wretched out : But, as Nature offered 

us, in all thefe Things, none but changeable 
Meafures, which neceffarily occafioned Uncertainty and 
Confufion ; People in Authority were forced to fettle the 
Meafures in each Diftricl, by a Standard, or publie. 
Meafure. 

24. The firfr, common Meafure, is the 
The Line. Breadth of a Grain of Barley, reduced and 

fixed to a Standard. This Meafure, which 
varies in Nature, and from one Diftrict to another, is at 
leaft fettled and agreed upon within the Extent of à whole 
Province. It goes alfo, but in a new Acceptation, by the 
Name of Line. 

25. Twelves Lines, in this laft Senfe, (that is, under the 
Notion of the fmalleft of our Meafures) make the Inch, 
being.placed one at the End of the other along a Ruler. 

26. Twelve of thefe Inches make up the Foot. 

,, 27. Six Feet make the Fathom. 

The Fathom. ^ Three Fathoms make the p efch of 

Parts. The Perch is 22, 24, or more Inches in other 
Places. Two thoufand Perches make up our fhort League : 
Two thoufand, two hundred and eighty-twô Perches 
make our common League ; five and twenty of which an- 
iwer a Degree of the Meridian. We fhall pafs over the 
other Meafures, the Variety of which is ftill greater, and 
even more arbitrary. It is enough, for the Exaclnefs of 
any Operation, to know what Meafure infixed upon. 
„ . . 29. Befides inftituted Meafures, there are 

Natural Mea- ^^ ^^^ oncgj whkh m ^ Vivifions 

we make of a Quantity or Extent into two 
Halves; three Thirds, four Quarters, and fo on. 

30. You may take upon a Ruler, or any other Extent, 
whatever Meafure you pleafe* by only laying hold of two 
Points thereon ; for (by the fécond and feventh Propofi- 
tions)you will always exprefs the fhorteft Way between two 
Points, by applying a Ruler and Pencil to them. 

31. From I 



I 



*/ 



h 







.A tv *e &JPJIP &?eê 



!iZ ZZZZI IZZZZ - ZZZZI ' . 
c : • 



Of Univerjal Science. 147 

3i.FK«Bt.dieibregoingProporition, two rht Coropaf . 
Rulers wheeling about at one End upon a, f C5# 
Nail which unites them, and opening their 
other two Extremities atPleafure, are a convenient Indû- 
ment to take and keep the Diftance of two Points ; this is 
what we call a Pair of Compafles. 

' 32. The greater or lefs Perfection of the Compafles con- 
lifts in the greater or lefs Uniformity pf their playing at 
the Head, and in the Ending of both Legs more or lefs 
exactly in a Point, whereby to take and carry any where 
elfe more or lefs exaét Points. 

33. All the right Lines of the fame Opening of the 
Compafles are equal, fince they are refpe&ively the fhort- 
eft Way between two Points equally diftant. 

34. The fame Opening of the Compafles is not the 
common Meafure ot Curve -Lines, unlefs you are other- 
wife certain of their Bending being equal, and perfectly 
uniform. 

35.IfyouputdneoftheLegsoftheCom- Thfi cirailaf 
paflès upon a Point, you may, with the other j^ ne# 
Leg, draw a Curve- Line, which enters into 
itfelf again, and ends where it began. It is called Circu- 
lar-Line, Circumference of Circle, or plainly Circle. 

*#. 1. 

. 36. The Point in the Middle of the Circle is called the 

Center. 

lj. Thé Line drawn from the Center quite to the Cir- 
cumference, is called the Radius. Fig. 2. 

38. All the Radii arq equal; fince they are fo many 
equal lines of the fame Opening of the Compafles. Fig. 3. 
• 39. All the Points of the Circumference are equally di- 
ftant from the Center 5 fince they are the Extremities of 
Radii, and of the fame Opening of the Compafles. 

40. The circular Line being as uniform in the Difpofi- 
ion of its Parts, with Regard to the Center, as the right 
Line is with Regard to both its Extremes j all the Por- 
tions of the Circumference, that are taken in by the fame 
Opening of the Compafles, will be equal. 

4U The fame Opening of the Compafles may ferve as 
a common Meafure upon the fame Circumference, or upon 
Circumferences that are equal, but not upon unequal Cir- 
cumferences : Becaufe, 

H 2 41. The 
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42. The Bending or Curvature varies in Circumferen- 
ces, as their Diftances do in Regard to the Center. 

43. However, as we compare a fliort right Line with a j 
long one, by dividing the former into as many proportion- ? 
able Parts as the latter j we likewife find infallible Pro- 1 

. portions between a fmall and a great Circle, by dividing 
them both into fo many proportionable Parts, as Halves, 
Quarters, Eights, &c. I 

44. One Part of the Circumference is an j 
The Arch. Arch. Fig. 4. - ( 

45. The Line drawn and fubtended from ! 
The Chord. one End of ^ Afch tQ the Qthe ^ ^ ^ 

Chord of it. \ 

The Segment. 4 6 - A Portion of a Circle, comprehended 

between an Arch and its Chord, is called a 
Segment. 
The Sedor. 47 • A Portion of a Circle comprehended , 

between an Arch and two Radii, is called a 

Seftor. Fig. 5. 

48. The Chord which goes through the Center, is 

called the Diameter. Fig. 6. 

The Diameter. 49. The Diameter is double of the Radi- 
us, iince it confifls of two Radii. 

50. Any Chord that does not pafs through the Center-is 
leis than the Diameter: For, if, from the two Points 
which terminate the Chord a b, or the Chord A B. (Fig. 7.) 
you draw two Lines to the Center, they will be two Ra- 
dii, which are together equivalent to the Diameter ; (from 

the foregoing.) Now, thefe two Radii become a curve ] 

Line, by making an Elbow at the Center ; and a curve 
Line drawn between the Points A b, or a b, is neceflàrily 
longer than the right Line drawn from the fame Points 
{Prof. 2.) Therefore the Diameter, which, as well as 
that curve line, is equal to two Radii, is longer than the 
Chord a b, or A B, or any other Chord that does not pafs 
through the Center. 

51. The Chord, which does not pafs through the Center, 
cuts the Circle into two Segments, one fmaller, the other 
greater, (Fig. 8.) and the largeft is that which takes in the 
Center ; fxnee the Diameter which pafles through the Cen- 
ter, is greater than that Chord. (From the foregoing.) 

52, When 



\ 
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5 2. When we fpeak of a Chord and its Arch, we under- 
ftand the fmall Segmeat, unlefs fame Hint be given to the 
contrary. 

53 The Circumference of the Circle may T j ie D - .- 
be divided either by a natural of an arbitra- f t jj e circle. ' 
ry Divifion. 

54.. The firft natural Diviiion is made by the Diameter, 
which cuts the Circle into two Halves perfectly equal : 
For, if the Circle was of Brafs, and the Di- B , . 
ameter of it made a turning Joint, by fold- n^er. 
ing one Arch over the other, you would find 
all their respective Points in an exact Correlpondence ; 
otherwife the Points of the one Side of the Circumference 
would not be, with refpect to the Center, at the fame 
Diftance as thofe of the other, which would contradict the 
Definition of the Circle. (Prop. 35.) 

55. The fécond natural Diviiion is. made B , « 
by the Radius, the Meafure of which, Fig.. 9. d ^ s c 
being transferred upon the half Circumfe- 
rence with the Compaflès, always cuts it into three, or, 
when transferred upon the whole Circle, divides it abfo- 
lutely into fix equal Portions, which is an Introduction to 
a Multitude of other no lefs certain Divifions, and innu- 
merable Proportions between great and fmall Figures. ' 

56. The arbitrary Divifion is that which The fc . 
divides one of thofe fix Arches at Pleafure. Dirifiwh ' *** 
Cuftom has fixed the Divifion of an Arch 

meafured by the Radius to fixty equal Parts called Degrees, 
which are found again in fmall in the fixth Part of a fmall 
Circle, as thefe fixty Degrees are in gre^t, in the fixth 
Part of a large one. 

57. This Divifion is commodious, as it may be fubdi- 
vided into twice Thirty, thrice Twenty*, fix times Ten, 
five times Twelve, twelve times Five, or otherwifê. " 

5 8. There is the fame Conveniency in the The p cerecs 
whole Circle, which by that Means, confifts cg ^ ' 

of 360 equal Parts, divifible into two Semi-circles of 1 80 
Degrees each ; into three Thirds of 1 20 -, into four Quar- 
ters of 9?; into eight half Quarters of 45, WV. 

£9. They alfo cut each Degree into fixty The Minute*, 
Minutes, each Minute into fixty Seconds, Seconds, 
each Second into fixty Thirds, and fo on, if Thirds ' &c ' 

H 3 the 
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the fubdivided Parts are of an Extent feniible enough to 
admit of any ulterior Subdivisons. 

60. By Means of thefe Divifions, and of the Propor r 
tions they afford between great and fmall Objects, we arc 
able to execute exactly in great what we had meafured in 
fmall; and, on the contrary, to reduce the Meafures of a 
large Ground into a very fmall Compafs, that wè may 
conveniently make there the Diftribution and Difpofal we 
project for the large Space. 

61. We may compare not only a right Line with a right 
Line, a Circle with a Circle, or one Portion of a Circle 
with another ; but alfo a Circle with a right Line, in fuch 
Manner, that the one procures us die Knowledge of the 
other; becaufe, 

62. When you have equal Arches, you have alfo equal 
Chords in the fame Circle, for the fame Opening of the 
CompafTes gives equal Portions in the fame circular Line, 
and meafures equal right Lines at one and the fame Time. 

63. Ofrourfe, and reciprocally, - equal Chords fupport 
equal Arches in the fame Circle. ' 

64. If from any two Points like A and B r taken each of 
them for a Center, you draw two equal Circles, that cut 
one another ; for Inftance, in C D, Fig. 1 1 . the Points of 
Interferon C D, will be equally diftant from A and B, 
and A and B will be reciprocally at equal Diftances from 
C D, fmce they are diftant from each other by a like 
Opening of the CompafTes. 

65. The two Arches of two equal Circles that cut one 
another are equal, having the lame Chord, a common 
Meafure C D being taken with the fame Opening of the 
Compares upon equal Circles. 

66. The Line A B, which unites the Centers of two 
equal Circles, cuts the two interfected Arches exactly ia 
the Middle. For this Line being lirait* and (from 64,) 
equally diftant at both its Ends A B from the Interférions 
C D muft, in its whole Length, not draw nearer C than 
D, and confequently meet the exact" Middle of the Arches 
which have C D for their Meafure. 

67. The fame Line which cuts the Arch into two Halves, 
cuts alfo the Chord into two equal Parts. 

The Perpen- 68. A Line (Fig. 1 1.) falling upon an'- 

dicuJar. other, without inclining more on one Par 

than on the other, is called a Perpendicular. 69. The 
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69. The Line upon which the Perpendicular fails, is re*- 
dprocally perpendicular with regard t& jthe other. D C is 
perpendicular upon A B, and A B upon I) C. For, as the 
Points D C are, from the Çonftru&ioji, diftant by an equal 
Opening of the Compaffes from A and B ; fo are A B di» ' 
ftant by an, equal Opening of the Compaffes from D and 
C. Now, being certain of two Points of a right. Line, if 
knowing the Direction of the whole Line. 

70. To erect the Perpendicular D C on A B, there is no 
Neceffity to draw Circles. It will he enough, if from the • 
Points A È you mark out Portions of Circles that cut onj* - 
another in D and C. They are equivalent to the whole 
Circle, becaufe you have, by Means of diem, two Points 
equally diftant from A B, (Prop. 64.) which (from Prop. 2.) 

is having as much as the whole Line D C. 

7 1 . Ftom the given Point D without the The oUi 
Line A B, /^. 12. but one. Perpendicular Linef 

P C, can be let fall upon that Line. For, 
all the others that have been drawn from the fame Point D, 
as e, f, g, h, are obli&ue, that is, inciinecj, and they are 
tj^e mpre inclined -to & as jthey are nearer .to A. 

7?. Thofe of itfoe oblique J4nes which fwepve auùû from ,,; 
(he Perpendicular are the Longeft ; for the oblique Lines h f 
g, f, e, are the Halves of fo many curve Lines which ter- 
minate in D C. Now thefe Curves are by £0 much the 
longer, as they fwerve moft from the fliortefl D Q : There* 
fore it is the fame with their Halves e, f, g, h. 

73. Thislaft Method of cutting a right Linewijth a Per* 
pendkular, ferves alfo to cut into equal Portions a Semi- 
circle, or an Arch, or a Chord, and to find the Center. 
For, the. Line whofc Extremities are carried by an equal 
Opening of the Compaffes to an equal Diftance of the two 
Extremities of the Arch, remaining in its whole Length 

-equally diftant from both thefe Extremities, muft needs 
meet the Middle of the Arch, the Middle of the Chord» 
and the Center ; fince thefe three Points are each of them 
refpe&ively at equal Diflances from the Extremities of the 
Arch. «■■•■.• * 

74. The : fajne Method ferves. to cut a Circle into fou» 
Quarters : For, if each Semi-.circle is naturally meafiired 
by three Radii, fupporting each of them an Arch of 60 
Pegrees»; the Perpendicular which cuts each Semi-circle 

H 4 exactly 
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cxaétly in the Middle, leaves on each Side the Value of an 
Arch of go Degrees* equivalent to 60 and 30. 

75. Therefore the Circle ferves either to find or prove 
you have found the Perpendicularity of one Line to an* 
Other. 

76. Being required to ere& a Perpendicular upon the 
Extremity A of the given Line A C, fig. 1 3. carry your 
Compaffes opened at Pleafure from the Center A to B, and 
draw a little more than the quarter art of a Circle ; carry 
U»e fame Opening or Radius from B quite to D ; and then 
cut the Arch B D (Numb. 70 ) into two, to have the exa& 
Half of your Arch, which Half being carried from D to 
K, the Point E and the Extremity A of the given Line will 
procure you the Perpendicular defired. For, three Arches, 
of 30 Degrees each, are the Meafure of the quarter Part 
of a Circle, fince three Arches of 60 meafure the Half. 

y j. If it be required to draw a fécond 
Parallel Lines, Line D D, fig. L4. parallel to the firfl: C C, 
that is, equally diftant from it in all its re- 
fpeclive Parts ; draw a Circle that cuts the firft Line in two 
Points, and from thefe two Points of Interfedion C C take 
two Arches CD, CD, of the fameOpeningof the Com- 
paffes. From Prop. 40. the two Extremities of thefe Arches 
are two Points equally diftant from the firft Line. There- 
fore the right Line drawn by thefe Points D D, fhall, in 
its whole Length, keep at an equal Diflance from the firll 
Line C C. * 

Concentric 7 ** ' Circular Lines and Portions of Circle 

Line*. m *Y a ^° be parallel, and will be fo by draw- 

ing them one under the other from the fame 
Center, Figé 1 5 . For, all the Points of the external Line E 
are the Extremities of fo many equal Radii, and all the 
Points of the internal I are the Extremities of Radii equal- 
ly fhortened. You have then a Space every where equal 
between the two. • Thefe Circles and Arches are called 
Concentric, and thofe which have not the fame Center are 
called Excentric. 

79. All the Lines, which terminate at the Center of con- 
centric Circles, make there the fame Diviftons ; of Halves, 
forlnftance, of Quarters, or of as many proportional De- 
grees as you pieafe. 
6 7 80. The 
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80. The Circles within or without each other are ftill 
of the fame Nature, and divifible into the fame Number 
of Degrees. Therefore the Lines which pafs through the 
Center produce the fame Divifions in all Circles. Whence 
it follows, that ; 

8 1 . Any fmall or great Circle is equally fit to demon- 
Urate to you the Exa&nefs of your Meafures, by Divifions 
of 1 80 Degrees, which are the Half, or of 90, which are 
the quarter Part, or of 60, which are the fixth, or of 45, 
which are the eighth Part of the Circle ; and fo on. 

82. When People have a Mind to find thefe Meafures 
diredUy, which are indeed of infinite Ufe, they do not - 
with the Compafles feek for die perpendicular or oblique 
Lines, and what Degrees they may- ftand in need of; as 
thefe Meafures may be fupplied with Inftruments which 

.contain them before-hand, and will afford as many of them 
as may be wanted. 

83. Although, then, the Ruler and CompafTes may pro- 
cure all; the Square, the Bevel, the Protraclor, the Plumb- 
line, the Level, &c. sure added to them for the Sake of Ex- 
pedition. 

84. The Square, Fig. 16. confifts of two 
immoveable Rules or Branches fattened per- The Square, 
pendicularly at one of their Extremes, to di- 
rect any perpendicular Line, or divide a Circle into Quar- 
ters. 

8 5 . The Bevel, Fig. 1 7 . is a kind of Square, 
confiftjng of two Rules fattened at one of The Bevel, 
their Extremes, but moveable on a Joint, to 
give immediately any oblique Line, or a Perpendicular, 
•according to the greater or lefs Opening of them. 

86. The Opening of the Rules of the Be- 
vel, and the diverging of any Line from an- The Protrafbr. 
other, is meafured with the Protractor, which 
confitts of a Semicircular Limb of Brafs, divided into 180 
Degrees, Fig. 18. Tke French call it Rapporteur, becaufe 
you take upon it the Number of Degrees you want, to 
transfer and lay them down on the Spot, or on Paper ; 
giving the Lines drawn from the Center the fame Diver- 

fency they have in the Inttrument, the Divifion produced 
y the Lines converging and meeting at the Center being 
the fame ia the fmallett as in the large ft Circles. 

H 5 87. Thefe 
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87. Thefe Operations and Inftrumsnts will help you to 
draw with Exattnefs a Perpendicular, or an oblique Line 
raifed fo many Degrees above the Diameter, when you 
work on the Ground* or on Paper : but they will not give 
you a Perpendicular to the Horizon ; as for Inftance, a 
Stake planted upright. For this laft Operation, they have 
Recourfe to, the Plumb-line, which confifts of a Thread or 
Chord, hung to a Piece of Lead, Fig. 19. Man knows 
not theXaufe of the direct Gravitation of a Weight to- 
wards the Horizon ; but he is certain of the Facl, and he 
makes ufe of that Certainty to compare the Direction of 
an upright Stake or Wall with that of a Chord, which the 
Weight hanging on, retains at the Diftance of 90 Degrees 
from the Horizon every Way. 

8 8 . When a Line or Surface parallel to the 
The Level. Horizon is wanted, they make Ufe of the 

Level, Fig. 20. and 21, which is a Rule 
having a Bar vertically raifed on it, and traverfed in its 
Length by a perpendicular Cavity, that ferves to admit a 
Thread fattened at Top of it, to the other Extremity of 
which hangs a Piece of Lead playing in a fmall Vacancy 
at the Bottom of the vertical Bar, It follows from this 
Difpofition, that the inferior Rule repreients the Horizon, 
and is parallel to it, when the Chord or Thread happens 
to be upon that Rule as it is on the Horizon, that is, 
without inclining to either Side. Now, this mull happen 
whenever the Chord plays in the fiducial Line or Cavity 
which admits it : nor does it indeed leave that Line, but 
when the Ruler drawing nearer one Side of the Horizon 
than the other, obliges the Chord to incline. 

89. A Line falling on another line, makes an Angle 
with it, 

90. The Point in which the Sides or Legs 
The Angîeâ. of an Angle unite, is called the Vertex of the 

Angle. 
Th« Quantity .9 ' • The Qs ant ity of one Angle compared 
©f Angle% with another, does not coniift in the Length 

of its Legs, tut in the Number of Degrees 
•which may be reckoned from one Leg to the other, fup- 
pofing the vertical Point to be the Center of a Circle, or 
placed in the Center of a Protractor. 

Q2. An Angle maybe of three kinds,* -«we. right, ob- 
;«ife, and acute. It 
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It is called Right, when it takes in 90 De- The Right . 

grees. Angle. 

It is Obtufe, when it takes in above nine- j^ t q^^ 

ty Degrees. 

It is Acute, when it takes in left than „,. . t 
XT . ^ 7 The Acute; 

Ninety. 

93. The right Line which falls perpendicularly on an- 
other right Line, Fig. 22. forms two right Angles, of 90 
Degrees each, being 1 80 together. 

94.. The acute Angle, and the obtufe made by a right 
Line, Fig. 23. falling obliquely on another right Line, arjb 
together equivalent to two right Angles ; fince they fill up 
the Place of them. If the acute Angle is 45 Degrees, the 
Obtufe will be 135, being together 180 Degrees. ' 

95. From Prop. 93. the Perpendicular being continued 
•beyond the Diameter, or beyond any other Line, without 
any Regard to the Circle, forms four right Angles *t the 
Point of Interferon, Fig. 22. 

96. From Prop. 94. Any right Line that cuts oblique- 
ly another right Line, Fig. 23. forms two acute, and two 
obtufè Angles, equivalent to four right ones, of which 
they fill the Place, each obtufe Angle having fo much more 
as each acute has lefs. Therefore, 

97. All Angles vertically oppofite are equal, the right 
to the right, the obtufe to the obtufe, and the acute to the 
acute. ' 

98. A Line perpendicular to another, falls according to 
the fame Direction, and has the fame Eflè&s on the Line 
parallel to it, Fig. 24. not inclining more to the one than 
to ïhe other. Therefore (from Prop. 95.) 

99. A Line perpendicular to two parallel ones, "makes 
eight right Angles with them, vix. four external, without 
the Lines A, B,C, D, and four internal within the Lines 
a, b,, c, d. 

100. A Line falling obliquely on another Line, Fig. 2$. 
falls with the fame Obliquity on its Parallel, and produces 
the fame Effe& with it. Therefore (from Prop. 96.) 

101. A Line which cuts two Parallels obliquely, makes 
with them four acute Angles, equal among themfelves 
Ob, c B, and four equal obtufe ones, A d, a D. 

102. The four external Angles, A, B, C, D, being two 
acute, and two obtufe» are equal to the four internal ones 

H 6 a, b, 
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a, b, c, d, which- arc alfotwo acute, and two obtufe. 
Therefore, 

103. The internal alternate Angles, like c b or a d, 
which are taken on one Side of the Oblique upon a Paral- 
lel, and on the other Side of the fame Oblique upon the 
other Parallel are equal, and the fame as thofe vertically 
oppofite. Whence it follows, that, 

104. Two Angles on the fame Sides of the Oblique 
'within as b d, or a c, and without as B D, or A C, being 
always one obtufe, the other acute, are equivalent to two 
right ones. Thefe two laft Propofitions are of infinite Ufe 
in all the Parts of Mathematics. 

1 05. Nothing being more critically exalt and neceflkry, 
than a true measuring of Angles, the Facility of taking 
them by Meang of a folid Line turning freely at the Cen- 
ter of the Circle, cave Birth to the Invention of the Gra- 
phometer, or Semicircle. 

The Grapho- * ,o6# The Graphometer is a Silver or Brafs 
meter. Circle, or Semicircle, exaétïy divided, and 

having an Alhidade or Rule turning on the 
Center. This Inftrument has been improved with the &• 
.ducial Line, (Uneafiduda) the Sights, and the Ball- and 
Socket. 

The fiducial , Â ' °7\ The ^l? 6 '.^ 011 ^^^ 8 ^ "^ 

Line. Alhidade exa&ly in the Middle cutting the 

Center, is called the fiducial Line, becaufe 
it (hews, with a certain Exa&nefs, the Degree or Minute 
you want. 

108. The Sights are two thin Plates of Brafs, perpen- 
dicularly raifed on the two Extremes of the Alhidade or 
Index, with a Slit or Aperture along their Middle, and 
perpendicular to the fiducial Line, that nothing but the 
Objeci required may be feen through both Apertures ; 
which ferves to fhew, by the corresponding Degree, how 
many Degrees the Angle between this Object and another, 
towards which the End of the Diameter has been previoufly 
directed and fixed, contains. You may alfo, for the Sake 
of a greater Exa&nefs, raife Sights at the Extremes of the 
Diameter, You may, if you will, inftead of Sights, ufè 
a Couple of Spying-Glaffes, one immoveable, and laid 
along the Diameter ; the other moveable, and (hewing up- 
on the Diviiions of the Graphomotor the Divergency of 

the 
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die Angle between the two Objects in Queftion. A Silk- 
^Thread croffing the common Focus of the two GlaiTes 
where the Image is formed, cats alio the Object, and brings 
the exact Middle of it upon what Degree! Minute, i$c. 
you pleafe. 

109.. The Ball and Socket confifts of a Brafs 
Sphere, or Sutton, failened under the Inftru- TheBalland 
ment, and two Brafs Concaves, which grafp Socket « 
the Button in fuch a Manner, that by Means of a Screw 
which fallens the two Concaves at Pleafure, and of a Side- 
hole, wherein the Neck of the Button may be laid fide- 
ways, you are able to place the Semicircle, either hori- 
zontally, to take the Angles between Objects on the Earth, 
or vertically, to take Angles between the Horizon and a 
Star, or between one Star and another. 

110. The laft Infirument added to the fore- 
going, is the Scale, or the Rule divided into The Sca k* 
Ten, a Hundred, a Thoufànd, or ten Thou- 
fand equal Parts, pointing out exactly the largeft Meafures, 
to which thefe fmall ones bear a known Proportion. 

in. You may draw a Scale, by dividing the Side of 
fuch a Rule as A B into a Number of equal Parts, that 
may be to that known Line A B what Fathoms or Perches 
are to a certain known Extent of Ground ; fubdividing 
every one of thefe Parts into as many lefler as you pleafe, 
of fix for one, for Inftance, being thus to each primary 
Part, what Feet are to Fathoms. 

11 2 You may make a itiJi .greater Reduction in the 
fmall Scale, by dividing ittnto equal Spaces, that (hall be 
Tens; fuch as, 10, 20, 30, 40, 50, 60, 70, 80: and then 
fubdividing each Part into Ten, that will be the Subdivi- 
sion of the Spaces, 10 and. 20, 20 and 30. (iff. Fig. 27. 
. 113. To have the Divifionof the Scale, 
divide the Line, which is the Side of it, into The Divifion 
Eight, for Inftance; which is a very ipeedy ofthe Scale * 
Operation. Let the Line A B, Fig. 27.be the defired 
Line, or the Line equal to the Side of the Scale you in- 
tend. By Prûp. 77, draw the Parallel indefinite D E : 
Erect on D E, by Prop. 76, and draw through the Extre- 
mity A, the indefinite AC, whether it be perpendicular 
or not, is no Matter; as it will be of equal Service to you 
in both Cafes : However, I ihaUhere fuppofe it to be per- 
pendicular, 
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pendicular, that the Effedl of k may be eafier perceived*. 
Meafure upon D E eight Times, the fame Opening of the 
Çompaflès; from the laft Divifion in DE, draw another 
Line paffing through B, it will come to C. From the 
Point C draw as many Lines as there are Divilions in E> E £. 
they will cut the given Line A B in eight Points, whereby 
you will £nd it divided into eight equal Portions. For, 
although ail thefe Lines muft, ©n Account of their being 
remoter from the Perpendicular in D E than in A B, of 
courfe become longer, and be feparated by greater Spaces 
in D E than in A B ; yet they produce in A B propor- 
tionable, though fmaller Diviiions, which have the fame 
Equality among themfelves as the great : Since all thefe 
Lines which crofs two Parallels, and fall on them with 
the fame Inclinations, mull of courfe keep the fame Or- 
der in fmall upon the one, as they keep in great upon the 
©ther, fetting out from the fame Point : Now the Diviii- 
ons in great are equal among themfelves ; therefore they 
are alfo equal in fmall. 

Having divided your line A B into eight 
The Subdivi- Parts, being each of them ten Fathom, or 
fion of the ' p erG hes ; it will be an eafy Matter for you, 
s to take round Numbers upon it, fuch as, io, 

30, 50, £ffr. But if you would fix upon it a Value of 15, 
27, 63, or any other Quantity ; you muft finifh your Scale,, 
by a Sub-divinon, of Ten of each of your eight Tens; 
To avoid Confufion in fuch fmall Space they have found 
Means to mark all the Numerations in a very diftintt Man- 
ner, by taking them upon the Breadth of the Rule, in the 
following Manner. 

Upon A B (Sequel of Fig. 27.) ereél the Perpendiculars j, 
AD, BC, and cut them by ten Parallels equally diftant 
from each other. Then divide the tenth Line DC into 
eight equal Parts, like thofe of the corresponding Line 
A B, and inftead of uniting the Divisions by Parallels, 
draw the tranfverfe ox diagonal Lines A E, 10 F, 20 G, . 
andfo on. 

114.. Thellfe of all thefe Meafures is con* 
The Ufc ©f the venient. If you have a Mind to take in 
Sca J c » fmall upon your Scale the Value of 23 Fa- 

thoms ; Look out in your Scale for the Meeting of the 
tranfverfe Line zo> with the Parallel 3, which is at the 

Point 
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Point of Interferon marked Z. The Space. 32 mall be 
the 23 Fathoms deiired. Would you have 58? Take 
the Point of Interfe&ion of 50 and 8, going from 8 quite 
to Y, where the Parallel 8 meets the tranfverfe Line 50. 

115. This Subdivifion, and the Facility of taking any 
Numbers without Confufion by means of thefe tranfverfe 
Lines are Inventions fo commodious, that they are applied 
through the whole Extent of the Graphometer, which is 
without Diipute one of the perfe&eft of our mathemati- 
cal Inftruments. 

116. The Service of thefe Inftruments is confiderably 
aflifted; nay, the Ufe of them is even "totally dîfpenfed 
with, by making a Collection of many certain Observa- 
tions, which enable us, from a firft Meafure perceived m 
the Difpofition of the Angles, immediately to aflign the 
other Meafures deiired. We fhall here mention only the 
moil fruitful of thefe general Obièrvations. 

117. If you know the Value of ore of the two Angels, 
that divide a Semicircle or a Quadrant, you know alfo 
the Value of the other, which is the Supplement or 
Overplus of the firft Number to 90 in the Quadrant, or 
to 1 80 Degrees in thé Semicircle. 

118. If, in a Semicircle (Fig. 28.) divided into three 
Angles, you know two of the faid Angles, one, for In- 
ftance, of 50 Degrees, the other of 25, you know alia 
the third Angle, which is 10 >; for 25 and 50, which 
make 75, being fubftra&ed from 180, the Remainder 
is ioç. 

119. The Angle at the Center, that is, the Angle 
which has its Vertex in the Center A. (Fig. 29.) has 
for its. Meafure the Arch on which it (lands : For a Per- 
pendicular in the Center, fuch as B A, forms two r'ght 
Angles there", which are 90 Degrees each ; and the fame 
Perpendicular being transferred obliquely from the Center 
•A, into C, by exaclly the Half of a right Angle, forms 
there an acute and an obtufe Angle, and the Obtufe 135 
acquires the 4c loft by the other. ' 

j 20. It is the fame with all the Angles formed by a 
Line falling on another, either at the Center of a drawn 
Circle, or at the Center of a Circle not drawn, but ima- 
ginary. But when a Line meets with another, in the Pe- 
riphery, or any -where but at the Center of a Circle, the 

Meafures 
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Meafures change according to the Circumftances; bat 
they ftill are the fame in like Circumftances, and are de- 
ter mmed without any Operation, by general Principles, 
which are very expeditious. 

121. A Tangent T (Fig. $o) that is, a 
The Angles of Line which touches the Out-fide of a Circle 
the Segments. on \y j n one p i nt t, makes with the Per- 
pendicular P two right Angles, and with a Chord I, fal- 
ling obliquely on the Point of Contact T, two unequal 
Angles, <viz. One obtufe O, the other acute A. In the 
fîrft Cafe, which is that of the Perpendicular P falling on 
the Tangent T, each right Angle has for its Meafure the 
Half it contains of the Semicircle. In the other Cafe, 
'viz. that of the oblique Line I falling on the Tangent at 
the Point T ; the obtufe Angle O, comprehends the Arch 
of the greater Segment T P I, and has one Half of the 
greater Arch it comprehends for its Meafure : The acute 
Angle. A comprehends the Arch of the lefTer Segment 
T A I, and has for its Meafure one Half of the fmaller 
Arch fubtended by one of its Sides. For, as the Line P, 
which is perpendicular to the Tangent, makes two right 
Angles of go Degrees each, which is Half x>f the Degrees 
of the Semicircle comprehended by each of them, fo does 
the oblique Chord I make with the Tangent T the two 
right Angles O A, equivalent to the two Angles of which 
they take up the Room : They have, therefore, (taken 
together) half of the whole Circle for their total Meafure. 
Now, the Angle A, which is the acute, has loft that Part 
of the Value of the right Angle, which is given to the^ob- 
tufe O. Therefore, fince the right Angle had for its Meafure 
one Half of the Semicircle it comprehended ; the acute A 
imuft needs have for its Meafure one Half of the Arch of 
the fmaller Segment, and the obtufe O one Half of the 
Arch of the greater Segment, which, together with the 
lefTer one, make the whole of the Circle: Otherwife, 
thefe two Angles would not have for their Meafure one 
Half of the Circle as well as the two right Angles they 
replace. 

122. The Angle at the Periphery, Fig. 3 1 , 
The Angle at which has its Vertex in the Circumference, 
the Periphery. and is alfo called the Angle i n f cr ibed in the 

Circle, fuch as the Angle M in thi* Figure, has for its 

Meafure 
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Meafure one Half of the Arch D it ftands upon : For, the 
three Angles A M B formed upon the Tangent in a, 611 
uç xYve Room of two right Angles, and have Half of the 
Circumference for their Meafure. Now, from the fore- 
going Propofition, the Angles of the two Segments A and 
B have for their respective Meafure one Half of the Arch 
they comprehend. Therefore, the Angle M, wliich is the 
Angle at the Periphery, has for its Meafure one Half of 
the remaining Part of the Circle, that is, one Half of the 
Arch D it ftands on. Whence it follows that, 

123. The Angle at the Center a a, as D 
(the fame Fig J which, as it has its Vertex The Angle at 
in the Center a a, muft, (from Propof 118.) *** Center, 
have for its Meafure the whole Arch it Hands on, is doubb 
of the Angle at the Periphery M, fince the latter having 
its Vertex in the Point (a) of the Circumference, mutt 
(from the foregoing Propofition) have only one Half of the 
Arch D it Hands on for its Meafure : whence follows an* 
other Propofition of great Ufe, «w«, 

124. Ail the Angles, fuch as A B C, Fig. 32. which 
have their Vertex at the fame Periphery, and their Legs 
(landing upon the fame Arch, are equal, as they all of 
them have one Half of that Arch D, for their common 
Meafure. It necefiarily follows from the fame Principle, 
that, 

12 c. All the Angles that can be inferibed in a Semi* 
circle, Fig. 33. are fb many right Angles: The very Fi- 
gure decides their Quantity at once, fince having, all of 
them, their Vertex at the Periphery, and all their Legs 
{landing on the two Extremes of the Diameter, they ne- 
ceuarily have one Half of the Semicircle for their com- 
mon Meafure; that is, 90 Degrees, (from Prop of 121.) 

126. The Angle A, Fig. 34. which has its Vertex be- 
twixt the Center and the Periphery, has for its Meafure 
one Half of the Arch d e, on which it Hands, and one Half 
of the Arch f g, which the two Legs of A prolonged over 
the Vertex ftand on. For A being equal to B, which is 
vertically oppofite to it, is alfo equal to C the alternate 
Angle of B between two Parallels (from Propof 103.) 
Now C, which is at the Periphery, has (from Propof 122.) 
for its Meafure one Half of the Arch d h, that is, one 
Half of d e, and one Half of e h ; and e h is equal to 
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f g» (from Propof. 77.) bccaufe they arc two Portions of 
the fame Circle between two Parallels ; Therefore the 
Angle A, which has its Vertex betwixt the Center and 
the Periphery, has for its Meafure one Half of the Arch 
d e, which its Legs Hand on, and one Half of the Arch 
fg, on which Hand the fame Legs prolonged over thi 
Vertex.. 

127. The Line which traverfes the Circles and go out 
of it is called Secant, 

The Angle B, Fig. 35, formed by the Chord c, and 
by the external Part pf a Secant d, has for its Meafure* 
one Half of the Arch fubtended by the Chord c, and onç 
Half of the Arch fubtended by the Remainder of the Se? 
cant d. For the acute A and the Obtufe B are equivalent to 
two right Angles, and have, if taken together, one Half 
of the whole Circle for their Meafure. Now, the Angle; 
A being at the Periphery (Prop. 122,) has one Half of 
the Arch it tfands on for its Meafure : Therefore, the ob- 
tufe Angle B has for its Meafure one Half of the whole 
Remainder, or, which is the fame, one Half of the Arch 
c fubtended by the Chord ; and one Half of the Arch d 
fubtended by the internal Part of the Secant. 

Although you may know the Value of thefe and all 
other imaginable Angles, by placing their Vertex at the 
Center ofa Circle drawn for that Purpofè; itisnever- 
thelefs convenient to difpenfe, as much as poffible, with 
any new Operation, by Help of a few general Maxima 
which accuftom the Mind to difcern at one View the 
Quantity of an Angle, in fuch or fuch Circumftances. 
What goes before is fufficient to inform us, that the moil 
general Means of knowing prefentfy all Sorts of Angles, 
are, 1. The carefully examining, whether they have 
their Vertex at the Center or Periphery. 2. The Com- 
parifon made of an Angle with the two right ones, which 
being always known, may be a Help to find that out* 
3. The Comparifon made of an AÎngle with another 
formed upon a parallel Line, which laft once known re? 
veals its alternate, or that vertically oppofite to it, in. 
iUort, its equal. 

128. The Triangle, which is a Space 

The Triangle, comprehended under three Lines united in 

thiee Angles, procures new Facilities and 

innume- 
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innumerable Methods, of meafuring^arty Extent ; beçaufe 
the known S#es will difcover the Angles, and the Know- 
ledge of the Angles will let you into that of the Side! 
unknown. 

1 29. Three Points of a Line BCD taken at random 
as it were; if they do not belong to one and the fame 
right Lines may be united by three Lines and form a Trir 
angle. Let us call the three Points or the three Angles 
BCD. Fig. 36. 

1 30. The Side oppofite to the greateft Angle is com* 
manly called the Bafe or Hypothenufe, as the Side B D, 
oppofite to the obtufe Angle C : However, there is no 
Side in any triangular Figure, but what may be called 
the Bafe of the Angle which (lands on or is oppofite 
to it. 

131. The three Vertices B C D of any imaginable Tri- 
angle, neceifarily make three Points of a Periphery ; and 
as the Value of the three. Arches is eafily known, it if 
made Ufe of to And out the Value of the correfponding 
Angles. That three Points becoming the three Venice» 
of a Triangle arc all three within the Sweep of a regular 
Periphery, is evident : ïor (by Profo/.yo.) if you cut the 
Side B C and the Side C D, Fig. 37, into two, the Per- 
pendiculars prolonged towards the fame Side B D will in* 
cline one to another, and cut each other. Now, the Point 
£ of the Interiè&ion is equally diflant from B and C, 
fince it makes Part of the Perpendicular erected on the 
Side B C. But, it is alfo equally diilant from C and D, 
fince it is likewife Part of the Perpendicular on C D. 
Therefore, the Point of Interfe&ion E is equally diilant 
from BCD: It is then the common Center of three Ra- 
dii, or of three equal Openings of the Compailes BCD, 
But, having three Radii united in a common Center, is 
having the whole Circle. Therefore, the three Vertices 
of any Triangle are at the Circumference of a Circle al- 
ready drawn, or which may be drawn. 

132.. The Circle which takes in the three Vertices is 
eafy to be known, fince they help us to find both the 
Center and Radius by the foregoing. Operation. 

133. r lhe three Angles of a Triangle being at the 
fame Periphery, (land upon the three Arches which make 
up the Whole of the Circle; and (from Profof. 122.) 

they 
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they have for their Meafure one Half of thefe three Arches,, 
or Half of the whole Circle. Whence it neceflàrily fol- 
lows that ; 

1 34. The three Angles of any Triangle are equal to 
two right ones, having, as well as two right Angles, the 
whole Semicircle for their Meafure. 

135. A Triangle can never have more than one right 
Angle : For, mould it add ever fo fmall an acute Angle 
to its fécond right one, it would exceed the 1 80 Degree! 
which make it equal to two right ones. 

136. Much lefs will a Triangle admit of more than 
one obtufe Angle. 

1 37. If one of the Angles of a Triangle is a right 
Angle, the Sum of the other two is 90 Degrees, fmce 
t ^ ie y together are equal to. a right Angle (from Propef. 

134-) 

1 38. If the Triangle be equiangular, or has three An- 
gles equal, each of them is acute ; and placed on an Arch 
of r 20 Degrees, one half of it, or 60 Degrees, is their 
Meafure, (Fig. 38.) otherwife they would not be equal to 
two right Angles, which have for their Meafure three 
times 60, /. e. 1 So. 

1 39. If the Triangle has two Sides equal 
The Ifofcelcs. (which is called an Ifbfceles Triangle) it has, 
alfo, two equal Angles 5 then if you know 
one Angle, you know the whole ; for the two others make 
up the Meafure 1 80 ; and if you know one of the equal, 
you know the other, and .confequently the third Avhich 
makes up 1 80 ; but if it be the unequal, the Surplus as 
far as 180, is divided between the two equal. 

140. If one of the three Angles of the Ifbfceles Tri- 
angle be a right Angle, and the other two equal, they are 
acute, and each of 45 Degrees, double Supplement from 
90 to 180, (Fig. 39.) ' 

141. By producing which Side you pleafe of a Trian- 
gle, as Fig, 40. ocE, the Angle E, formed by the Side 
produced, is called external, c internal or conjunct, the 
two others internal, o, i, are called oppofite. 

142. The External E, Fig. 40. is equal to the two Op- 
pofites 0, i; for the external E, and the conjunct c, are 
together as good as two right Angles ; but (by the 133.) 
the three Angles of a Triangle are equal to two 

right 
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right Angles ; therefore the internal c, muft be of the 
fame Value with the external, as with the two oppofi tes, 
and, confequently, the external is equal to the two op- 
pofite internals. 

1 4 %. If all Triangles can be conceived as infcribed in 
a Circle or terminating by their three Extremes at the 
Circumference of a Circle, it follows, that the three Sides 
of every Triangle are the three Chords of the three 
Arches, which together make the whole Circle circum- 
fcribed at the three Extremes. 

144. Therefore he that knows the exadl Pofition of the 
three Extremes of a Triangle, in their Circle, and one 
Side, knows likewife the Value of each Angle, and the 
Length of the three Sides ; for he that knows one Side, 
and the Pofition of the three Extremes in fuch a Circle, 
knows the three Arches oppofite to die three Angles. To 
know the Arches is knowing the Angles, the Value there- 
of they meafure in half, fince thofe Angles have their Ex- 
tremes at the Circumference. To know the Arches, is 
knowing, likewife, the Chords which have the fame Mea- 
fure with the Arches : therefore it is knowing, alfo, the 
Length of the Sides, which does not differ from the 
Chords, and is meafured, in fmall, by the fame opening 
of the Compares with the Arches. To know a Side, and 
the Pofition of the three Extremes in the Circle, is, there- 
fore, knowing the whole Triangle. * 

14c. It even fuffices to know the Value of one Angle, 
and the Length of the two Sides, to know the other Side, 
and the two Angles remaining ; for he that knows one An* 
gle, and the Length of two Sides, knows the Point of 
the Circumference whence the two Sides proceed, and the 
two other Points where thofe Sides arrive in the Circle ; 
it is, therefore, knowing the three Points deiired (by the 
Fig. 1 3 1.) it is therefore, knowing the Value of the three 
Arches; but the Arch, oppofite to the Angle known, 
meafures the Chord or Side remaining to be known ; and 
the two Sides, the Length of which is known, are the 
Chords andMeafures of the two Arches, whofe Halves 
ferve to fix the Value of the two Angles required. There- 
fore you have the whole Triangle. 

1 46. Likewife one that knows one Side and two Angles 
knows the whole Triangle; that Side known gives, yot» 



i66 DIALOGUE XIII. 

by its Extremes two of the Points deftred ; but you don't 
know yet where the third is, nor how many Degrees are 
to be reckon'd in the Arch of which that firft Side will be 
the Chord ; but you will foon learn it. The Knowledge 
you have of the two Angles, teaches you how much the 
two other Sides unknown are inclined on the preceding, 
or how many Degrees they contain ; you will know, there- 
fore, that the Degrees remaining, as far as 360, are the 
Value of the Arch, whofe Chord was already known to 
you: You will know, likewife, immediately, . in what 
Point of the Circle, thofe two new Chords will meet ; 
you will have, therefore, the three Points defired, and 
with them the Knowledge of the three Arches, the three 
Sides, and the three Angles. 

1 47. It is true, that with the Knowledge of the Angles, 
and, confequently, of the true Inclination of the Lines, 
you may foon find your three Points, in working on Pa- 
per, or in fmall on the Ground ; but how will you fix, 
without Miftake, the juft Point of Concourfe of two Lines 
on a Ground of 5 or 600 Perches ; befides thafr, you may 
be obftruéted on the Ground by a Wood, or a River, or 
any other fuch Obftacle, fo far as to make it impofiible to 
gain the Point which reunite the two Lines. The Reme- 
dy, then, is to draw, in fmall, on the Ground, or Paper, 
a Triangle ; one Side thereof mail have as many finall 
Parts of your Scale, as the Side known of the greater 
Feet, or Pôles, or Perches ; then with the Protractor on 
the known Side of the leffer Triangle, „you mult incliné 
the two other Lines according to the Number of Degrees 
of their Arches, which is the fame in fmall as in great ; 
you will know, then, where is the Point of Concourfe, 
the two Lines given it by the Mealure of their refpeftive 
inclination : Therefore you have, in the leffer Triangle, 
the three Points neceffary to know it entirely ; and as 
many fmall Parts of your Scale as you find on each Side, 
with remaining Parts or without, fo many Perches you 
will have, with the remaining Parts or without, on the 
Sfctes of the greater. 

148. I fay that the common Meafure 
Incommenfu- which fhatl be taken on a known Side to be 
rabies. carried on the other -Sides, will be found 

there, eider in fmall or great, a Number of times, with 

remain- 
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remaining Parts, or without; becaufe there are Lines 
which cannot be compared by a common Meafure to be 
there precifely a number of Times without fome Sur- 
plus ; and, then, that Surplus is not precifely affignable. 
It is a furd Number, very near a Quarter, or a Third, 
or other Part, but which always differs, a little from it. 
Such is, for Example, the Bafe of a reclangular Triangle 
compared to either of the Sides of the right Angle ; 
take in the Line D, which is one of the Sides of the 
rectangular Triangle A D, Fig. 41. the fmalleft Meafure 
you will, was. half a Line, which, I fuppofe, is found 
in it twelve Times ; carry it on the Hypothcnufe A, 
it will be found there, not only a greater Number of 
Times than you can determine, but always with a fmall 
Surplus, and a fractionary Number, which has not, 
( even, a juft Precifion . If you take a fmaller Meafure, 
you will find it fo many Times in the Bafe A, and al- 
ways with a Surplus, but fo fmall, that it is fcarce to be 
minded, there being, then, all the. Correttnefs fufficient 
for human Works. In the Comparifon of thole Lines, 
we approach, ftill nearer and nearer, a common Meafure, 
which can be numbered fo many Times in the one, and 
fo many Times in the other, almoft without remaining 
Parts; but that Surplus. is unavoidable, and at the fame 
Time-unafBgnable: Hence the Name of Incommenfura- 
ble given tothofe Lines. 
,149. This, however, does not hinder the Advantage 
>>4nd Correctness of the Scales of Comparifon ; for as you 
will find in the Bafe of a fmall Triangle, thirty Times, 
and very near a Quarter or a Third, the Line, Inch, or 
ether Meafure, which- is the common Part taken in your 
Scale, you will have likewife, thirty Perches, and very 
near a- Quarter or a Third in the Menfuration in great. 

1 50. The Knowledge of Triangles leads to 

that of Parallelograms, the double of them ; Paralldo- 
fbr H* you multiply the Side of any Angle of 8 rams * 
a Triangle by its other Side, you will form of it a qua- 
drilateral Figure, whofe oppofite Sides are parallel, which 
is called a Parallelogram, Fig. 42. 

151. The Bafe of the Angle, whofe Sides The Diagoaa 1 . 
you double, is then called a Diagonal, be- 

caufe it patfe* Seta air Angle of the Parallelogram to 

the 



i68 DIALOGUE XIII. 

the oppofite Angle, and divides it into its two Triangles, 
and fhews that it confifts of two ^Triangles equal and ap- 
proximated. 

152. If the Angle whofe Sides are multi- 
Thc Square. p]ied> be a rigRt ^ ngle> and tfte Side5 equal> 

it is a Square which has four right Angles, and four Sides 
parallel and equal, Fig. 43. 

153. It one Side of the right Angle be 
ThcRcftan- multiplied by another fhorteri the Parallelo- 
gular,orlong g ram produced by it, Fig. 44. is aReftangu- 
Squarc. J^ or j on Square, which has its four An- 
gles, right Angles, and thofe of its Sides oppoûte to it, 
equal between them and parallel. 

' 154. If the Angle whofe Sides you dou- 

The Rhom- ble, be acute, or obtufe, and the four Sides 

bus, orLo- equal, the Parallelogram is a Rhombus, or 

cenge. Lozenge, Fig. 45. which has two oppofite 

Angles acute, and two obtufe, all its Sides equal, and the 

Oppofnes parallel. 

rm. »u T 55* ^ onc Side of the acute or ob- 

boides. tufc An S lc bc lon g er ûïZXi thc other ' Fi & 

xlv. it produces a Rhomboides, which has 

two acute Angles, and two obtufe, its Sides unequal, but 

the Oppofites parallel. 

1 56. In many Cafes it is eafy to know at once, the 
Value of all thefe Parallelograms, by the Facility of re- 
ducing them to the Value of a Square by multiplying one 
of its Sides by itfelf. * 

One may be puzzled to find the Meafure of the Rhom- 
boides B C, Fig. 46, but one may judge of it by reducing 
it to the Value of the Square A B, by the following 
Means. 

157. Parallelograms placed on the fame Bafe between 
parallel Lines are equal 

The Square A B, and the Rhomboides B C, Fig. 46, 
are both on the Bafe £, and between the Parallels £ F ; 
from thefe, let us fuppofe, the leffer Angle B taken off, 
there remain then two Triangles, viz. the Triangle A D, 
and the Triangle D C, perfectly equal, fince their Angles, 
and their Sides are equal. Of thofe two equal Triangles 
take off D, which is common to both, there will remain 
as* much to one as to the other : therefore the quadrila- 
teral 
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•era! remaining .A and C are equal. Theft if you redore 
B, to the quadrilatéral A, and afterwards confider B, as 
added to the quadrilatéral C, they acquire, by Tarns, the 
fame Value B, and as they were already equal before that 
Acquiûtion, they are (b ffcll alter the Addition of a Thing 
equal on either Side; therefore Parallelograms on the 
fame Safe, between Parallels, are equal. 
. 158, Parallelograms placed on an eqaal Bale, and of 
' an .equal height are equal; for the Bale being the fame, 
it is indifferent whether the Height be taken under a 
Line or above it, provided that Height be the fame. Let 
the Square A, and the Rhomboides B, Fig. 47. ferve for 
i an Example of this, which I fuppofê at the Height D, 
equal to E, the fame with d the Height of the Square A ; 
the Bafe c of the Field A, is the feme with the Bafe C 
of the Field B, été Height D of the Rhomboïdes B is 
the fame with the Height d of the Square A ; therefore 
Parallelograms on an. equal Bate, and at the fame Height 
are equal. This fame Truth, which is of great Impor- 
tance, may become more tenable by the Fig. 48. the 
Square A, and the Square B are equal, ftnce they have 
all their s ides eqaal ; but the Rhomboides C, which is on 
an equal Bafe» and lias the fame Height, is compofed of 
two Triangles, which are the fame with thofe the Square 
B is. compofed of; therefore the Rhomboides C is equal 
to the Square B. The Square A therefore being equal 
to B y is Ukewife equal to the Rhomboides, which has a 
_ £afe and a Height equal to thefè of the Square. 
*""• 159. Triangles on the fame Bafe, and at an equal 
Height are equal ; for what is affirmed of the wholes may 
be affirmed of the halves; but the Triangles are the 
halves of the Parallelograms. 

160. The Square formed on the Hipothenufe of a right 
Angle» Fig. 49, is equal to the two Squares formed on the 
two other Sides. ' 

To demonftrate It; from the Vertex B of the rignt 
Angle ABC draw a Perpendicular B b ; the Square formed 
on the Hypothenufe AC, will be cut by that Perpendi- 
cular into two Re&angles D and £, which together are 
die fame as the whole Square; but D is equal to the 
Square f, and £ is equal to the Square G, both produced 
from {he two other Sides of the right Angle multiplied 
Vol, V. I by 
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by themferves : That D be equal to f, is evident front 
what precedes. The Triangle h Ah is equal to the Tri*- 
«ngle l A i, fince they are on equal Bafes, and at equal 
Height, one of them being on the Bafe A a, and the p* 
cher on the Baie A C, equal to the Bafe A a; and the 
Height of the one A a a being equal to the Height of 
the other A B : but the Triangles h A b, is, equal to 
half of D, which would be formed by the Diagonal, if 
it was drawn from a into i, £nce the Triangle» which 
would make the half of that Square, would have the 
Jame Bafe A a, and be between the fame Parallels A a» 
B b, with h A h ; likewise half of f, or the Triangle, 
which* would be taken by a Diagonal from a a into B, 
would have the fame Baie A a a, and be between the 
fame Parallels, 'vise. A a a, B b b, B C, with i A i ; 
therefore half of D is equal to half of f; thus D is equal 
to f, and for the fame Reafons, E is equal to G ; there- 
fore the whole Square, on the Hypotheaufe A C of the 
right Angle, is equal to the two Squares of the Sides. 

Here we are afiecled with a Surprife, which, at firil 
feems not eafy to be removed ; for how is it poflible that 
Squàies formed on the Curve ABC, neceffarily greater 
than the right Angle A, are together but equivalent to the 
Square formed on A C ? To which I anfwer, that the 
Advantage of A C proceeds from the whole Line A C, 
being multiplied by itfelf $ and each of it» Parts repeated 
as many times as there are Parts in the whole; whereas 
the Line A B C is not multiplied but by Parts letter than 
the whole, «w*. A B by itfelf, and B C by itfelf. Let 
us fuppofe A C of ten Inches, but cut into two Pieces, 
one of 7, and the other 0/3; multiply 7 by 7, you 
will have 49; multiply 3 by 3, you will have 9, in all 
58; whereas if 10, the fame Number as 7 and 3 toge- 
ther, be multiplied by the whole, then 7 inftead of be- 
ing multiplied only by 7, mail be multiplied by 10, and 
5 likewife ; ib that inftead of $8, the Produit will be 100. 
It is quite contrary, (in which confifts the Diftdvantage of 
the Curve A B C,) in the Comparifon made between the 
Produâ of its two Pieces, and the Produce of the Total 
A C. Let us fuppofe one of thofe two Pieces, or the 
Side A B, of about eight Inches, and the Side BC of about 
&x, which is together much more than 10, but inftead 
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of multiplying the whole, which is near 14, by the 
whole, you only multiply the two leflêr Sums by them- 
felves, w«. about 8 by 8, which gives near 36 ; toge* 
ther they will only give you about too, whereas if 8 and 
6, which are 14 by 14, were multiplied, as you have 
multiplied 7 and 3, or 10 by 10, the Produce of the to- 
tal Curve ABC, would be 196. 

If in thefe Calculations I am frequently obliged to 
make ufe of the Words about 9 and <very mar, it is becauiê 
the Square of the Hypothenufe being often Inches multi- 
plied by ten, and the Produdt thereof 100, it cannot hap-, 
pen that the Square of one of the other Sides, be reduced 
to a Root which is a precife Sum of fo many Inches. 
Squares are comparable and commenfurable between 
themielves, but it is not by a fmall Meafure known which 
can be fo many times in the Hypothenufe, and fo many 
times in the Sides, which are uncommenfurable. 

Ho* can we be able then ta compare them ? We have 
Recourfe for it, to a Scale of Parts as fmall as the light 
Surplus; that furd and unaffignable Number, which di- 
sturbs the exad Companion in Number, is, at lait, con* 
fidered as nothing. 

To that beginning of a geometrical Chain, we add on- 
ly another Link, which is that of the Radii, Sines, Se- 
cants, and Tangents, the Accounts whereof, being always 
confiant and very numerous, become the Foundation of 
the moft perfect Geometry. 

161. We call the Complement of an Angle, or of an 
Arch, the Quantity, fuch as a B A, whereby our Arch, 
as A V, is lefs than a quarter of the Circle B V, 
Fig. 50. 

162. We call Complement to the Semi-circle, or Sup- 
plement, the Quantity A D; whereby an Arch, fuch at 
A V, is lefe than the' Semi-circle V A D. 

163. A right Sine SA of an Angle, fuch Si nei. 
as ARV, or of an Arch, as AV, is a Per- 
pendicular, carried from an Extremity A of , the Arch 
AV, on the Diameter, or Radios, which paflès through 
the other Extremity V of the fame Arch ; one can alio 
fay that the right Sine A S, is half of the Chord which 
fuppoits double of the. Arch A V. 

I 2 164. A 
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164. A verfed Sine is that Part of the Radias, com- 
prized between the Extremity V, of the Arch A V, and 
its right Sine AS. 

165. A Sign of Complement is the Sine of the Arc A 
A B, the Complement to a quarter of the Circle. 

166. The total Sine B R is that of a quarter of the 
Circle B V, or of the right Angle 6 R V, and does not 
differ from the Radius itielf. The Radius is half of the 
Diameter, and we have proved, that all the Chords 
which do not pafs through the Center are fborter than the 
Diameter; therefore the total Sign being half the Dia- 
meter is longer than the other Sires. 

Tangent. I& 7- ^e Tangent of that Arch, or of 

the Angle A B V, is perpendicular to the 
Extremity of the Radius V, and is terminated by the 
Other Radius R A, produced as far as T. 
Secant. io ^ - ^e Secant is that fécond Radius 

... * produced RAT, which terminates the Tan - 

gent T V. 

169. To compare thofe Lanes together, and find one 
by the Knowledge we have of the other ; we divide the 
Radius into 1000 Parts or into 100,000 Parts, or more; 
and though thofe Lines be immeafurable between them- 
felves by means of thofè (mall Parts, we fix, notwithftand- 
ing, their keport with an Exaclnefs., which approaches 
very near a Preciiion ; and if they have any Imperfection, 
in Handcraft-works, it is fo Very fmall, that it is not to be 
poinded, 

170. The Squares of the right Sine, and of the Sine- . 
, Complement, taken together are equal, to the Squares of 

cf the Radius : Proof; 

A C R S is a Parallelogram by its Conduction, and 
has four right Angles; it is cut into two Triangles of 
which the Radius R A is the common Hypothenufe \ 
whence it follows, that the Sine- Complement, and A is 
equal to the other Side parallel R S; but (by 159) the j 
Square of the Hypothenufe B A, is equal to the two Squares " i 
formed on the two other Sides of the Reôangle A S R** 
therefore the Square of the Radius A R, is equal to thé 
Square of the Sine-Complement C A, and of the right j 
S ne A S, it is the fame with the Secant» compared with 
the Semidiameter and the Tangent. 

I leavft 
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I leave yon to judge, by theft few Infhmces, of the 
Conveniency of the Proportion that may be found in 
thofe Lines, which may be drawn on every Side; they are 
compared between themfelves, in their Triangles, in their 
Squares, and otberwife : The Proportions thereof are hy- 
pothetical, and according to the Scales : We fuppofe the 
Radius compo&d often Thoufand, a hundred Thoufand, 
ten Million of Parts taken in a Scale. The fmaller 
thofe Parts, the nearer the Comparifon of Immeafurabïes 
approaches a Preofion. If the right Sine has fo many 
Parts, there are fo many fuch Parts in the Sine- Comple- 
ment, fo many in the verfed Sine, fo many in the Ra- 
dius, fo many in the Secant, fo many in the Tangent; and 
reciprocally a fmgle Meafure taken, leads to a great Num- 
ber of other Meafures: one can force his Way every 
where; and to facilitate, at once, all thofe Calculations, 
we make Ufe of Tables already made, where we And 
how many Parts the Siaes, Tangents, and Secants, muit 
have in.focà and &eh Supportions. 

The Ufe of Meafkres, 

HERE is the Manner of Drawing on Paper, an 
Angle equal to another Angle, which has been ob- 
ferved on the Ground. Suppofe that Angle to be of 
30 Degrees, we muft draw on the Paper one indefinite 
Line AB, Fig. 51. make afterwards the Compafs of an 
Opening equal to the Semidiameter of a Protractor, anof 
defcribe from the Point A, as a Center, the indefinite 
Arch CE; take, then, with the Compafs on die Cir- 
cumference of the Protractor, the Interval found between 
o, and 30 Degrees, and carry that Interval from C into 
D; Draw the Line AB; and the Angle CAD will be 
of 30 Degrees, fince it has been taken on the Protractor, 
of which A C is the Radius, and' the Arch C D of 30 
Degrees. 

The Lengths, or Lines, are meafured on Paper, by 
Means of a Rule, divided (by Prof of. 112.) into a great 
Number of equal Parts: for that effecVthe s Comp-ifs is 
opened betwixt the Extremities of the Line, and that 
opening of the Compafs, 'equal to the Length of the Line, 
I 3 is 
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is carried on the Scale; by which Means we find, bow 
many Parts it contains. 

A Diftance is meafured on the Ground, 

Jn°ac«ffib!r wllen it: *. s acccffiWe > b y its tW0 Extremities, 
D.ftaace! by applying to it fucceffively a R<. pe, or final! 

Chain, divided into equal Parts, as Feet, 
Roods, or Perches, or other known Meafures, and thence 
we find, how many of thofe Parts that Diftance con- 
tains. 

If the Diftançe be acceffible but by one of its Extremi- 
ties, it muft be found in this Manner. Let us fuppole 
that you muft find the Diftance A B. Fig. 52. which is 
acceflible ouly by its Extremity A. Firft, you muft place 
the Center of the Graphometer, or Semicircle, at the 
Point A, fo that the Point o, whence you begin to teli 
, the Degrees, be touched by the Alidad, or moveable In- 
dex, which muft be directed from A into B, .and afterward 
from A, toward fome other acceffible Point, as C, whence 
you may view, at the fame Time, the Points A and B. 
Leave the Graphometer in the Situation you have given 
to it in viewing along the Line A o B, and obferve of 
how many Degrees is the Angle A between B and C. Se- 
condly, You muft go in a right Line to the Point C, in 
'•in ea faring with a Chaîna or a Rope, divided into Feet, or 
Perches, the Diftance A C, and obferve it * you muft 
afterwards ftop the Graphometer, at the Point C, fo that 
it* Center anlwers to that Point, and direft it in fuch a 
Manner, that the Alidad being at the Point -o, whence 
you begin to reckon the Degrees, you may fee through 
the Sights the Point A, and leaving the Inftrument in 
that Situation, turn the Alidad till you can difcover through 
the Sights the Point B, and obferve the Angle AC B, in 
taking always for the Vertex that of the three Letters 
which is in the Middle. Thirdly, After that Operation, 
you aiuft make a fécond on Paper; by taking with the 
Compafs on a Rule, divided (by PropoJ. 112.) into equal 
Parts, fo many of thofe Parts as the Length A C, which 
has been meafured on the Ground, contains Roods, op 
Perches ; and after you have drawn an indefinite Line, 
take from it a C, equal to the Opening of the Compafs ; 
you muft afterward make the Angle a C b, equal to- the 
Avgk ACB, by Means of a Protractor; making, in the 

fame 
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fame Manner, die Angle C ab,* equal to the Angle CAB» 
. and the Lines ab, Cb being drawn, will cut each other 
at the Point 6, and the three Lines C a, a B, C b, form 
a Triangle» which will have Conditions exa&ly like 
thofe of the Triangle A C B ; thus the Sides of the lefler 
Triangle will be in the fame Relation with thofe of the- 
greater: y and you will know, that if c AB, be equal to 
AC, likevvife Ca is equal to ab; that if ac contains 
once a b, and a third of the fame Line; AC contains,, 
alfo, once, the Diftance AB, and a third of the (ame- 
Diftance. Therefore if the Length of the Side a b, be 
taken with the Compafs, the Opening being carried On the 
Rule of equal Parts, the Number, of thofe Parts it (hall 
contain, will {hew the Number of Roods, or Perches, con- 
tained in the Diftance A B. 

Let us fuppofe we have found that the accemble Di- 
ftance A C, contains 100 Roods, the Side A will contain 
loo equal Parts of the Rule : Suppoie, likewife, ' that after 
the Triangle a C b has been formed on Paper, according 
to the Method prefcribed, we find, that the Side b a contain» 
75 equal Parts of the Rule; we know immediately, that 
the Diftance A B contains 75 Roods, or Perches, becaufe 
the Sides of the greater Triangle cut each other in the. 
lame Conditions as thofe of the lefler ; that, therefore, 
fince the Side a C of 100 Parts contains the Side a b of 
7$, once and a third; likewife the Side AC, of 100 
Roods, or Perches, contains the Side A B, once, and a 
third : then the Diftance A B is of 75 Roods or Perches. 
. We muft be exaft in making the Angles on Paper pre- 
cifely of the fame Bignefs with thofe which have been 
formed on the Ground, otherwife the Operation would be 
of no Ufe towards finding the true Diftance A B : if the 
Angle a C b was greater than the Angle A C B, the Side 
ab would be greater; we fhould judge, then, that the 
Diftance A B would be greater than it is in reality ; the 
contrary would happen if the Angle a C b was made lefler 
than the Angle A C B. 

If we will determine on the Ground itfelf the Diftance 
A B, Fig. 53, after having formed the Triangle A C B, 
Care is to be taken that we extend ourfelves towards the 
oppofite Side, and produce AC as far as into a, fo that 
a C be equal to A C ; and make on the Ground the Angles 
I 4 c C b 



>j6 DIALOGUE XIH. 

cCb, Cab, equal to the Angles AC B, CAB, in view* 
ing through the Sights at the fame Point b : with the 
Help of the Graphometer, kept fucceflively in C and a» 
meafure afterwards the Diftance a b, which will be equal 
to the Diftance A B; face the Triangles ABC, a b C, 
aie equal in all. To have the Point h, where the vifual 
Ray muft terminate, a Signal muft ran along B C b, till; 
it be perceived through the Sights of the Alidad, when it 
makes with a C, the Angle Cab, equal to the Angle 
CAB. 

If die Diftance A B, Fig. 54, is inacceffible by its two 
Extremities, «it may, alfa, be known by drawing a Figure 
on thenGround, and afterwards in iinall on Paper. Be the 
Diftance ÂB inacceffible by its two Extremities AB, 
which we want to know, we muft chute a Ground on 
which we can meafure with £afe, the Diftance CD 
acceffible by its two Extremities C D, at each of which 
one may difcover, at the fame Time, the Points A and 
B. When we are at the Point C, we muft take the Grapho- 
meter, and meafure three Angles, in viewing through the 
Sights the Angle A C B, which is between the vifual Rays 
A C, C B,' which ends at the Extremities of the Di^ance 
AB; the AngleACD, which is betwixt the vifual Ray AC, 
and the Diftance C D, which we propofe tomeafore with 
die Chain or Rope; and the Angle BCD, which is be- 
twixt the vifual Ray C B, and the Diftance CD. That 
Operation done* we mnft go directly to the Point D, in 
meafurifig the Diftance C D, and obferve it when we are ar- 
rived at the Point D : There we muft ereft the Graphometer, 
or- Semicircle, and take two Angles, viz. the Angle A DCV 
which is betwixt the vifual Ray R D, and the Diftance 
CD; and the Angle BCD, which is betwixt the vifual 
RayBD, and the fame Diftance CD: We may end the 
Operation on the Ground, or transfer the Figure A CDB 
0.1 Paper. Firft, If the Operation be ended on the Ground, 
it muft he repeated ; but to avoid a too great Length, 
when the firft Station is made in C, we muft take towards 
the Sides, oppoftte tjo the Diitance CD, the lame Angles, 
/. g. the Angle a CD, equal to the Angle A C D, aCb 
equal to the Angle ACB, and the Angle b C D equal 
to the Angle BCD. Going afterwards to the Point 1>, 
we muft meafure the Length C D 9 and at the fécond Sta- 
tion 
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non în C, make the Angles CDa, and C D b be equaî 
to the Angles CDA, C D B. Bat to have the Point a» 
irhere the vifaal Rays Ca, D a terminate, we fhall be 
obliged to make a Signal ran on C a, till it be perceived 
through the Sights, the Alidad making with C D the Angle 
CDa, equal to the Angle CDA: We muft like wife 
make to run on C b, a Signal till it be perceived through 
the Sights of the Alidad, when it makes with C D the Angle 
CDb equal to CDB: Mea faring afterwards the Di- 
Uance a b, which is equal to the inacceflible Diftance AB, 
fince the two Figures A CD B, a C P b are equal in all 
their Parts, 

To transfer the Figure A C D B, in fniall, * 
on Paper, Fig, 54, and LIV. and determine, To transfer, 
by Means or Angles taken on the Ground, *J fmall > 6n 
and a Scale of equal Parts, the inacceflible J^^ a 
Diitance A D. 1. An indefinite Line muft p iece f 
be drawn, taking with the Çompafs on the Ground. 
Scale, as many Farts as the Bafe C A con- 
tains Roods, or Perches, and carry that Opening from c 
into d: Suppofc that C A, on the Ground, contains 100 
Perches, c d on Paper, will contain roo equal Parts. We 
muft make afterwards, the Angle a c d equal to the Angle 
A C D, which has been taken on the Ground ; and the 
Angle b c d, will be found thereby, equal to the Angle 
B C A, which has been taken on the Ground : We muft 
make, alfo the Angle c d b equal to the Angle CAB. 
And the Angle a d c to the Angle ADC, which has been 
taken on the Ground 5 the Interférions of the Lines a c, 
ad, be, b d, will determine the Length of the Line a b, 
Vvhich being carried on the Scale of equal Parts, will 
fhew the Number of Fathoms contained in thé inacceflible 
Diftance A B ; for that Diftance will contain as many Fa- 
thoms as the Line a b contains equal Parts; becauie, in 
the Figures A B D C, a b d c, the Lines cut each other 
rn tfhe like Circumftances, differing only in Bignefs be- 
twixt themfelves, but not in Number. 

In the fame Manner may be (hewn the Height of a Co- 
lumn, a Pyramid, of a Tower, of a Mountain, of a Tree, 
fcfr . when one can't approach the Foot of it. It fuf- 
fices for that Operation, to take the Angles ADC, ACS', 
or A CD, and meafure with the Chain, or Rope, the 
I 5 L.ngth 
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Length C D, drawing an indefinite Line on Paper, on 
which (hall be taken fo many equal Parts» as the Line C 
D contains Fathoms, or Feet, making tlte Angles adc, 
a c d, equal to the Angles ADC, ACD, and the Line* 
a c, ad, being fuificiently lengthened, will cut each o~ 
ther at the Point a, from which drawing, on d b, the 
Perpendicular a b, will be found, by Means of that Line* 
the Height A B ; for if the Line, a b, be carried on the 
Scale of equal Parts, it will be known that A B contains, 
as many Fathoms or Feet, as a b contains equal Parts. By 
carrying on the fame Scale the Lines a c, ad, we fhall 
find, likewife, the Length in Fathoms, or in Feet, of the 
Diilances AC, AD. 

The Height A B, could alfo be determined on the 
Ground, by raifing a Triangle equal to the Triangle A 
C D ; and by drawing from the Vertex, a Perpendicular 
B D, it would be equal to A B. 

In thefe Operations, the Angles either top acute, or 
too obtufe, muil be avoided; for as, in raifing thefet 
Angles, one cannot help falling into fome Error, by 
making them either greater or fmaller than thofe which 
have been obferved, and, beiides, in taking the Angles, 
on the Ground, Faults are alfo committed; it is proper 
to obferve, that thofe which give the Angles too acute, or- 
too obtufè, are greater than the Errors committed iu 
taking .the Angles which deviate much from thofe two» 
Extremities. 

In the fame Manner might be taken the 
To Meafure a Diûanceof a heavenly Body from the Earth» 
heavenly Bo- £f an acçe f£ble Diftance great enough could 
)> '£• 57» De meafuredon the Ground* but the whole 
Diameter of the Earth is too fmall when compared with 
thofe inacceflibleDiftances. One muft then, to determine 
them, employ the whole Diameter of the Earth, or very 
near the whole Diameter, and obferve with all the Care 
poifible, the Angles which the Diameter of the Earth, ot 
a Line drawn from à Point of its Surface, as diftant 
as poflible from the firft, would make with the vifual 
Rays, carried from thofe Points to the heavenly Body t 
But as fuch a Thing is not practicable,, as well on Ac- 
count of the Difficulty of meafunng on the Earth a fut 
ficient Length, as becaufe the heavenly Body changes con- 
tinua*!/* 
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tinually its Situation with regard to thofe Point», that Me- 
thod cannot make us discover the Diftancé of a heavenly 
Body from the Earth. Afrronomers, therefore» have Re* 
courfe to other Methods: The Diameter, or Semidiame- 
ter of the Earth, mull notwithftanding enter into it : That, 
which we are going to give an. Idea of, is proper to make 
one conceive, without loag Reafonings, what Method one 
may take to determine the Pittances of the heavenly Bo* 
dies from the Earth. 

It is well known, that the Planets (which are the only 
heavenly Bodies we. meafure here, the fixed Stars being af 
fo great a Diftauce, that it has not been poffible, yet, to 
know, or even guefi at their true Diitance from the Earth) 
it is well known, I fay, that the Planets defcribe, in their 
periodical Revolutions, Circles which cat the Equator, and 
therefore make half that Revolution in the northern Part 
of the World, and the other half in the Southern. There- 
fore in each Revolution a Planet is found twice in the 
Circle of the Equator: Aftronpniers know, befides, by the 
Duration of thoie Revolutions, and obferving by the In- 
terval the diurnal Motions of thefe Planets, the Moment 
they are in the Equator, or at the Point where their Or- 
bits cut that Circle. Suppofe, then, that an Aitronomer , 
knows the Moment when the Moon is at the Equator; he 
will be able to know, what is its Dill i nee from the 
Earth. The fmaller Circle T reprefents the Earth; A is 
the Center, B the Point of the Obferver ; C the Moou 
at the Moment fhe is at the Equator ; D the Point, 0* 
Line, carried from the Center of the Earth to the Moon» 
cuts the Surface of the Earth ; O H the fenfible Horizon ; 
the great Circle reprefents the Firmament, or Place of 
the fixed Stars. Since the Point C is a Point of the Equa- 
tor, he that makes the Obfervatdon and placed in thç 
Center A, directs his Sight along one Ray of the Equa- 
tor, the Earth being fuppofed tranfparenjt like the Air) 
would fee the Moon at the Equator in C : therefore A C is 
a Ray of the Equator, and D one of the Points where that 
Circle cuts the Surface of the Earth; But we know the 
DiÛance from the two Points of the Surface of the Earth» 
to the terreftrial Equator, or, at leaft, we may. know fnch 
Diftance as often as we will, by obferving the Altitude of 
the Pole, with regard to {he Place where the Qbfervation 
' " I 6 it 
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is made; fer ft Feiibn under die Equator, has the two 
Poles ift die Hanson; therefore as much as he goes fron* 
the Equator towards the Pok, & much the Horizon de- 
clines under that Pole; therefore the Altitude of that 
Pole is like the Latitude, or Diftancc of a Place with re- 
gaid to the Equator $ therefore we know the Arch BD* 
die Diftance of the Obferver, with regard to the terre - 
filial Equator, and we know, consequently, the Angle 
DAB, which is meafured by that Arch. Befides, he 
that makes the Obfervation in B, meafures the Angle 
O B C, which the vifual Ray B C, makes with the Ho- 
rizon O H, at that vtry Moment the Moon enters the Equa- 
tor ; then*the Obferver in B, knows the Angle OJBÇ, and 
the Angle BAD, or B A C, which is the fame. Befides, 
by the Propenfity of the heavenly Bodies towards the Center 
A of the Earth, according to Directions perpendicular to 
the Surface of the Earth, or perpendicular to the Horizon 
OH, the Angle A Bo is a right Angle, becaufeBA, 
which represents one of thofe Directions, is perpendicular 
to OH: dierefore if to the Angle ABC, be added the 
Angle OBC, the total Angle A B C, which is cdmpofed 
of two Angles known, will alfo be known : therefore in 
. the Triangle ABC, we know the two Angles A and B. 
Moreover, the Semidiameter of the Earth is known : 
therefore if you draw on Paper a Line, A B, which re- 
prefents that Semidiameter, and make with all the Care 
poffiblethe Angle observed A and B, the Lines AC, BC, 
in cutting each other at the Point, will determine into 
Diameters of the Earth, the Diflances of the Mcon at the 
Point A, and the Center A of die Earth. The greater 
. the Line A B ie, which represents the Diameter of the Earth, 
die moreexa&the Operation will be. But becaufe the Angle 
A C B Î6 very acute, we muft not e*pe& to be capable to 
determine exaâly thofe Diftances by a mechanical Opera- 
tion in tracing a Triangle. 

The P H ^ c ^ n S* e A C B, is called by Afrrono- 

*** ' men, Parallax, /. e. Difference of AJpe&j 
Jjecaofe an Ofcfervator placed at the Center of the Earth, 
would fee the Moon in a Place of the Heavens', different 
from that where the Obfervator placed in B, fees it : for 
the Obfervator in B, fees the Moon in b among the Stars, 
and the Obfervator in A would fee it in a. Aftronomers, 

to 
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to determine the Diftance of a heavenly Body from the 
Earth» fearch, Firft, its Parallex, which being known» it 
is eafy to find its Diftance from the Earth : for in the 
Triangle A B C, is known the Angle of die Parallex A. 
C B, and the Angle ABC; becaufe the Angle C B A 
being known by Obfervation, it is eafy to know the Angle 
ABC: die Semidiameter of the Earth is alfo known : 
therefore the Diftance B C, may be known by applying 
to it the Semidiameter of the Earth fb many Times as 
the line of that Diftance can receive it. The Angle A 
C B of the Parallax, varies in lèverai Manners, according 
to the Place and Time of the Obfervation, and according 
as the heavenly Body is more or lefs diftant from the Earth : 
if the heavenly Body be fo far diftant, that the Semidia- 
meter A B of the Earth becomes imperceivable to the 
Sight, the Angle A C B is nuH or void, and then we fay 
that the heayenly Body has no Parallax. Few of the hea- 
renly Bodies have any fenfible Parallax, except the Moon ; 
It is fometimes above one Degree when taken, the Moon 
being at the Horiz n; but the Parallaxes of the other 
Planets are leasee a few Seconds : Jupiter and Saturn are 
fo far diftant from the Earth, that they have no Paral- 
lax. If we could draw exaftly the Triangle A C P, we 
fhould find by carrying on a Scale of equal Parts, as we 
rind by Calculation, that the leffer Diftance B C of the 
Moon from the Earth, is of about 55 Diameters of the 
Earth, which make about 90,000 fma.l Leagues* 

To Meafure a Piece of Ground with a ~ g^fa- 
Toife, or Fathom, one muft make ufe o£sl w j^ a tote, * 
fquare Toife, or fquare Foot, the fquare or Fathom, a 
Foot is a Square whofe four Side3 are a Foot Pic* of 
or twelve inches long. Ground, Fig. 

(Fig. 59 ) A fquare Toife is a Square, 5 ' 
the four Sides whereof are a Fathom, or fix Feet long, 
containing 36 fquare Feet ; for if the Height be divided 
into fix equar Parts, it will contain one Foot ; and if by 
the Points of Divisons we imagine the Lines parallel ta 
die Bafe, the fquare Toife will be divided into fix Faces j 
therefore the fix Faces will contain fix Times fix fquare 
Feet, or thirty-fix fquare Feet. 

It is evident, that to have the Number of fquare Feet 
contained in die fquare Toife, the Number oi Feet con- 
tained 
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taîned in the fquareToife, the Number of Feet contained on 
its Side mull be multiplied by itfelf, /'. e. 6 by 6, and the Pro- 
duel 3 6, is the Number of Feet contained in the fquare Toife. 

If we have a Square whofe Side would contain more or 
lefs than 6 Feet, it would be leffer, or greater, than the 
fquare Toife. But to have the Number of fquare Feet 
contained in their Square, we fhould be obliged to multi- 
ply the Number of Feet, contained on its Side, by itfelf. 
Suppofe (Fig. 6o.) the Side of that Square contains 4 Feet; 
the Square will contain 1 6 fquare Feet : but 1 6 is the Pro- 
dud of 4 multiplied by itfelf. If the Square has for its Side 
a Line which contains Fathoms, that Side muft be, alfo, 
multiplied by itfelf, and the Produce is the Number of 
fquare Fathoms contained in that Square. Suppofe the 
Side of that Square contains 8 Fathoms, the Square will 
contain 64 fquare Fathoms, becaufe 64 is the Produce of 
8 multiplied by 8. 

If the Square has a Side which contains Fathoms and 
Feet, the Side muft be multiplied, again, by itfelf, and 
the Produce is the Number of fquare Fathoms and fquare 
Feet contained in the Square propofed. S uppofe • (Fig. 51.) 
the Side of the Square contains four Fathoms, two Feet» 
or a third of the Fathom; it is evident, that the total 
Square contains ; Firft, The Square abed, which has 16 
fquare Fathoms of Surface ; Secondly, Two Re&angles, 
a i 1 b, and a d e f, which have four Fathoms in Length,, 
and two Feet in Breadth ; Thirdly, The fmall Square a f 
g i, whofe Side has two Feet in Length ; but, Firft,, To 
have the Square abed, the Side d c of four Fathoms* 
muft. be multiplied by itfelf, and the Produce 16, is the 
Number of {quare Fathoms that Square contains. Second- 
ly, To have one of the two equal Re&angies ai 1 b, four 
Fathoms in Length, which are equal to 24 Feet, muft be 
alfo multiplied by two Feet, and the Produce 48 is the 
Number of fquare Feet contained in one of the two Reel- 
angles a i 1 b, or a d e f. Thirdly, To have the fmall 
Square a f g i, the Side f g of two Feet, mjuft be multi- 
plied by itfelf, and the Produce 4, is the Number of fquare 
feet contained in that Square ; therefore the whole Square 
contains, Firft, The Square of four Fathoms; *. e, 16 
fquare Fathoms ; Secondly, Twice the Produd of 4 Fa* 
thorns» or of 24 Feet multiplied by 2 Feet, which gives 48 % 

moreover! 
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moreover* 4* Feet on the other Part ; together 96 (quare 
feet j Secondly, The Square of two Feet, which contains 
4 fquare Feet : therefore the total Square contains in all 
16 Kjuare Fathoms, befides 100 fquare Feet, which arc 
equal to two fquare Fathom s ; and, alfo 28 fquare Feet. 
When, therefore, a Square is to be meafured, whofe Side 
contains Fathoms and Feet ; Firft, the Fathoms are to be 
multiplied by themfelves ; thofe Fathoms rouft be reduced 
into Feet, and that Numfcer of Feet multiplied by the 
Feet contained in the Side, and the Product doubled. 
Thirdly, The Number of Feet contained in the. Side, mull 
be multiplied by itfelf, and that Produce added to the pre- 
ceding. Fourthly, The fquare Feet are to be reduced in- 
to fquare Fathoms, by fearching how many Times 36. 
Feet, which is a fquare Toife, are contained in the Num- 
ber of Feet found, adding thofe fquare "Toifes to the. pre- 
ceding. 

If a Rectangle is to be meafured, the two Sides mud be 
multiplied one by the other, and the Product is the Num- 
ber of fquare Fathoms, or fquare Feet, contained in the 
Rectangle. If one Side has three Fathoms, and the other 
two, the three muft be multiplied by two, and the Product 
6, is the Number of fquare Fathoms contained in the Red- 
angle. If one of the Sides has four Fathoms, and the 
other three, four mud be meafured by three, and the Pro- 
dud 1 2 is the Number of fquare Fathoms contained in 
the Rectangle. If one of the Sides contains Fathoms and 
Feet; for Example, if one of the Sides (Fig. 62.) is of 
four Fathoms, and the other of three Fathoms two Feet, 
we muft, firft, multiply three Fathoms by four Fathoms, 
afterwards two Feet by four Fathoms, or 24 Feet, and we 
fhall have for a Product 12 fquare Toifes, befides 48 fquare 
Feet, wliich are equal to a fquare Toife, and 1 2 /quare 
Feet. Therefore the Content of the Rectangle is 1 3 fquare 
Toifes, and 1 2 fquare Feet. For it is vifible, that the to- 
tal Rectangle is compofed of two Rectangles, one of which 
contains 1 2 fquare Toifes, and the other four Toifès in 
Length, or 24 Feet, or two Feet in Breadth ; and there- 
fore, that Rectangle contains 48 fquare Feet ; confequent- 
ly the whole Rectangle contains 13 fquare Toifes, and is 
fouare Feet. 

(Fig. 
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(Fig» 63.) If the two Sides of the Rectangle contain 
Feet ; for Example, If the Side a b contains three Fathoms 
three Feet, and the Side a c four Fathoms four Feet, the 
total Rectangle will contain four Redtangles, the Rect- 
angle a e of twelve fquare Fathoms, the Reâangîe b e of 
four Fathoms in Length, or three Feet in Breadth, the 
Rectangle c e of three Fathoms in Length, or four Feet in 
Breadth, and the Reclangle d e of four Feet in Length, 
or three Feet in Breadth. But to have the firft Re&angle, 
one muft multiply three Fathoms by four, and the Produce 
1 2 is the Number of fquare Fathoms contained in the Rect- 
angle a e : to have the Re&angle e b, four Fathoms, or 24 
Feet, muft be multiplied by 3, and the Product 72 fquare 
Feet, or two fquare Fathoms, is the Content of the Refi- 
angle e b : to have the Reétangîe e c, three Fathoms, or 
18 Feet, muft be multiplied by four Feet in Breadth,, and 
the Product 72 fquare Feet, cr two fquare Fathoms, is the 
Content of the Rc&angle e c : to have the Re&angîe d e, 
four Feet muft be multiplied by 3, and the Produce 12, is 
the Number of fquare Feet contained in that Re6tangle : 
therefore the total Rectangle contains 16 fquare Fathoms, 
and 12 fquare Feet. When, then, you want to meafure 
a Re&angle, whofe Sides contain Fathoms and Feet, you 
muft, Firft, multiply the Fathoms by the Fathoms ; Se- 
condly, Reduce the Fathoms of one of the Sides into Feet, 
and multiply them by the Feet of the other Side : in that 
Example the Fathoms of the Side b d, muft be reduced 
into Feet, and their Number multiplied by j, which is 
the Number of Feet of the Side a b 5 reducing likewife 
the Fathoms of the Side a b, or e d into Feet, and multi- 
plying their Number by 4, which is the Number of Feet 
of the Side b d, or a c ; multiplying, alfo, the Feet of 
ene Side, by the Feet of the other, and making up a Suni 
ef Three Products, which will be equal to fquare Feet, and 
which being reduced into fquare Fathoms, the total Rect- 
angle a d, will be had in fquare Fathoms, and the Surplus 
in fquare Feet, which will not be equal to a fquare Fa- 
thom. 

To meafure a Parallelogram as a c b d, a 

To ajeafui» a Perpendicular muft be drawn, between the 

rav C fi, 64. two P arallel s ^ es a d, e b, and the Bafe a d 

* multiplied by the Height c d, or a f. Sup- 

pofe 
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pofe the Bafe a d contains four Fathoms» and the Height 
e d three ; the Produce 12, is the Number of fqaare fa- 
thoms which the Area, or Surface of the Parallelogram 
contains. For if, in lieu of the Parallelogram aebd, 
we were to meafure the Reâangle afed, the Content of 
that Reâangle would be 1 2 fquare Fathoms : but the Pa- 
rallelogram is equal to the Rectangle ; for in making the 
Parallelogram, we retrench from the Reûangle the Tri* 
angle a e f, and, at the fame Time, add to the Remnant 
another Triangle bed, equal to the preceding : therefore 
we muft operate the known Parallelogram, for the Rect- 
angle, and multiply the Bafe by the Height^ or Perpendi- 
cular, of that Bafe : if the Bafe and the Height of the Pa- 
rallelogram had Fathoms and Feet, the Operation mould 
be made, likewife, on thofe two Lines, as for a Reâ- 
angle. 

To meafure a Triangle, we muft, as in T - 

the Parallelogram, draw a Perpendicular XruSle *"* * 
from the Vertex down on the Bafe, then mul- jvg., $5/ 
tiply that Safe by the Altitude, and take half 
of the Produce: For if we have to meafure the Parallelo- 
gram a d b e, we Should multiply the Baie a d by the 
Height 5 but the Triangle is but half the Parallelogram; 
a b ; therefore to have its Meafure, we mult only take 
fcalf*heProdua. 

To meafure a Circle, onemuft conceive, To mf9 r 9fe a 
that the Circumference is divided into a very Ciicle, fig. 67. 
great Number of equal Parts, and that each 
of them is the Bafe of a Triangle, which has its Vertex at 
the Center ; the fmall Arch intercepted, does not differ 
ien&biy from a right Line ; the Circle will be therefore, 
reduced into Triangles ; but the Meafure of a Triangle is 
to be found by multiplying the Bafe by the Height, and 
taking half the Product: therefore the Sum of all thofe 
Triangles, or the Surface of the Circle, will be had in 
multiplying the Sum of the Bafes, i. e. the Circumference 
of the Circle, by the common Height of all the Triangles* 
which is the Radius, and taking half that Product. Ta 
have the Circumference of the Circle, we muft take threes 
times the Diameter, and its fêventh Part : fuppofing the" 
Diameter be of 2 1 Feet, the Circumference will be equal 
to three times z\ Ftet, befides three Feet which make the> 

feveath 
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feventh Part of 2 1 : thus die Circumference will be of 66 
Feet. Inftead of multiplying that Circumference by the 
Radius, which is half of 21, you multiply it by the whole. 
Diameter, a Quarter thereof will be the Content of the 
Circle. The Produft of 66 by 2 1 is 1 386 ; a Quarter of 
that Produce is 346 \ fquare Feet, the Content of the Circle 
which has 21 Feet Diameter. 

All Figures which are to be meafured on 
imgûiar " the Gronnd > have a Relation to fome of the 
Ground' preceding ones. M oft commonly, thofe Fi- 

Fig. 68, gures are irregular, and terminated by more 

than three or four Sides. Let the Figure 
abedefg, be that which we want to meafure : it muft 
be divided into Triangles, by drawing from one of the 
Angles ; for Example, from the Angle a, Lines to the 
other Angles, fuch as a c, ad, a e, af; thofe Lines are 
drawn on the Ground, either by Means of Ropes, or. by 
furrowing, or fixing Poles at ibme Diftance from each 
other ; by which Means the Figure will be divided into 
Triangles, fuch as b a c, c a d, d a d, d a e, e a f, fag. 
The Lines which divide the Figure muft be confidered as 
the Bafes which divide thofe Triangles, and Perpendicu- 
lars drawn from the Vertices of thofè Triangles to thofe 
Bafes, fuch as b a, ci, eu, e o, g p ; when the Perpen- 
diculars cannot reach thofe Bafes, as a f in this Figure* 
they muft be produced, till they can reach them ; thus a f 
jnuft be produced as far as into P and o, where they meet 
the Perpendicular g p, e o ; fo that one fame line may 
ferve as a Bafe to two Triangles, to (horten the Operation r 
thus a d ferves for a Bafe to the Triangles c a d, d a e ; 
and a f is, alfo, common to the Triangles a e f, f a g. 
To draw the Perpendiculars, one muft go with a Square 
along the Bafes, and applying one of the Branches on the 
Line along which one walks, .view along the other Branch, 
and go forward or backward, till the vifual Ray be termi- 
nated at the Vertex of the Triangle, as is feen in c i. We 
muft, afterwards, drawn from the Point c, to the Point i, 
the Line c i, and operate in the fame Manner for the other 
1 Perpendiculars. And laftly, all the Bafes and Perpendicu- 
lars are to be meafured, taking Care to mark the Number 
of Meafures which each of them contain, multiplying, af* 
terwards, the Bafe of each Triangle by its Perpendicular* 

adding 
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adding only the Produit, and taking half of the Stun ; 
which will be the Content of the Figure : for it has been 
proved, that each Triangle is half of a Rectangle, or Pa- 
rallelogram, of the fame Bafe and Height ; but in multi- 
plying the Bafe of each Triangle by its Height, we have 
the Content of a Rectangle of the fame Bale and Height 
with the Triangle : therefore, to have the Content of a 
Triangle, we are only to take half the Product ; and to 
have the Sum of all the Triangles, or the ,Content of the 
Figure, we mull take half the Sum .of all the Products. 
Suppofing the Bafe a c contains 1 1 Fathoms one Foot 6 
Inches, or cWFeet 6 Inches, and the Height b 3 Fathoms 
2 Feet, or zo Feet ; I multiply thofe two Lengths one by 
the other, firft, the Feet by the Feet, and I have for the 
firft Product 1340 fquare Feet. I multiply, afterwards, 
20 Feet by 6 Inches : according to the Rule, the 20 Feet 
ihould be reduced into Inches, and multiplied afterwards 
by 6, which would give fquare Inches, to be reduced af- 
terwards into fquare Feet : but to avoid being tedious in 
the Operation, I confider that 6 Inches are half a, Foot : 
therefore in multiplying 20 by £, I muft have 20 (quare 
half Feet, or 10 (quare Feet : thus the Product of the firft 
Bafe by its Perpendicular gives 1 3 50 fquare Feet. I mul- 
tiply in the fame Manner the fécond Bafe, fuppofed of 1 z 
Fathoms two Feet four Inches, or of 74 Feet four Inches, 
by the Perpendicular of 31 Feet. I operate, firft, on the 
Feet in multiplying 74 by 3 1 , and have for firft Product 
2294 fquare Feet. I multiply afterwards 3 1 Feet by four 
Inches ; but four Inches are a third of the Foot ; I take 4 , 
then, the third of 3 1 , and I have lof fquare Feet : there- 
fore the Product of the fécond Bafe, by its Perpendicular, 
gives 2 304 \ fquare Feet. I multiply the fame Bafe by 
the Perpendicular e, w, of 1 4 Feet, firft the Feet by the 
Feet, and I have for firft Product 1036 fquare Feet. I 
multiply likewife 14 Feet by 4 Inches in taking the third 
of 14, and 1 have for fécond Product 4 J fquare Feet ; 
thus the Product of the fame Bafe a d, by the Perpendi- 
cular e', w, of 14 Feet, gives 1040 \ fquare Feet; I mul- 
tiply the Bafe a f of 33 Feet, by the Perpendicular e o of 
1 8 Feet, and I have for Product 594 fquare Feet. Laftly, 
I multiply the fame Bafe by the Perpendicular g p of zz 
Feet, and the Product gives 726 fquare Feet. Thefe 
^ Multi- 
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Multiplications being done, I gather the particular Pro- 
duds into a Sum, which is of 6015 fqaare Feet: I take 
half of that Sum, and the Content of the Piece of Ground 
a b c d e f g, is of 3007 fquare 
Feet J. To reduce thofe fquare 1350 
Feet into fquare Fathoms, I di- 2304 | 
vide them by 36, the Number 1040 \ 
of fquare Feet contained in the 594 
fquare Toife, and the Quotient 726 
£3 is the Number of fquare ■ • ■ ■.. 

7*oifes contained in the Ground 6015 fquare Feet 
propofed: there remains 19 \ 



îquare Feet, which cannot be 3007 \ fquare Feet 
reduced, and make a little 



more than half a fquare 83 To. cont. 19 \ Fa. 
Toife. 

R«l« of Re- Ifweopeme by Way of Reduction, the 
durions. Corrcttnefs of all Reductions, and the Cer- 

tainty of having in gi eat what has betn done 
in fmafl, are founded on a Rule or an infinite Extent, that 
the arre/ponding Sides of fcmblahle Figures are proportional, 
and that as many as there are of leffer Parts in one of the 
Sides of a fmall Triangle, fo many greater there are in 
the correfponding Side of a great Triangle, fem blable to 
it. There is a perpetual Confequence of Equality of the 
three Angles to an entire Proportion in the correfponding 
Sides ; fince the equal Angles being impofed on equal Ar- 
ches inrefpe&ive Circles, the Chords, which are the Sides 
of thofe Triangles, cannct fail being between themfelves 
in the fame Proportion of Figure to Figure ; thofe Chords 
correfpond to each other as faithfully as their refpe&ive 
Arches, which exhauft on either Side the whole Circle. 

Thus Man, affiftëd by fome Rules of Reafoning and Ex- 
perience, is contented with having on the Ground the Mea- 
sure of a Line, and the Inclination of two others on that 
Line. He repeats, with Facility, the fame Operation oh 
the neighbouring Ground. He gives a Name to the dif- 
ferent Vertices which terminate his different Angles. One 
is a Hill, the other a Chapel, the other a Steeple, or a 
Cattle. Thofe Points and iirft Meafures marked, or coarfely 
drawn, either on a Slate, or a Sheet of Paper, he returns 
Honie, and withouç troubling himfelf about the Rivers or 

Marines, 
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Marines, Rocks, or impenetrable Thickets, which fepa- 
rate his Steeple from the Mil!, and the Caftle from the 
Chapel, he gives the Corre&nefs neceflàry to his Figure, 
and, in the Tranquility of his Retreat, Judges com mod i- 
oufly, by a known Line, of the Value of the other. The 
Obftacles, which obftruft the March of a Traveller, do not 
flop a Geometer. He fecms to hâve Wings to carry him 
above Places thought inacceffible ; and, a6 if he had taken 
his Dimenfions from the upper Regions, he knows and af- 
figns the Diflances better than die Inhabitants of the 
Country could : he takes the Map of it, joins it to another, 
and brings into a fmall Compafs Provinces and Kingdoms. 
He draws corre&ly the true Reprefentation of the Globe 
he inhabits. 



Of GnomoniCy or Dialling* 

MAN has not confined himfelf to take only the juft 
Measures of his own Habitation, and of his own 
Works : He is not contented with exercifïng a kind of 
Magic, by expofing to View with Precifion or Correônefs, 
often without eoing out of his own Houfe, the Extent of 
Places inacceffible to him, and even the Diftance of the 
heavenly Bodies. He has found Means to fubjedfc to his 
Knowledge, and even to his Operations, Things on which 
he has no Power, fuch as light, Shadow, and Time. He 
has fpied the Courfe of the Light fo far as to tell before 
hand, to what Point it will arrive at fuch and fuch a Place, 
at fuch a D.y f at fuch a Moment. The Means, which 
has enabled him beft to follow it in its periodical Courfe, 
Is to obferve the Progrefs of the Shadow, which imitates 
all the Steps of the Light, and by the Help of both he has 
regulated Time fo far, as to determine all the Moments 
by the Relation they have to the Point where the Sun is 
found at each Inftant, either in its diurnal, or annual Re- 
volution. Happy Obfervation, which fixes the Return» 
and Duration ot his daily Labours, and calls, by Order» 
to his Memory» all pail Events, and regulates his Projects 
for the Time to come. 

The Shadow has mofl contributed towards difcovering 
the Progrefs of Time by that of the Light, which it f e- 

prefents 
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prefents fenfibly . All opake Bodies oppotéA tô a lûmîno os 
one, intercept the Light of it. We have already taken 
Notice, in another Place, that what is perceived behind 
the op pofi te Surface, and to which the Name Shadow has 
been given, is not a total Privation of Light, mere or lefs 
of it being reflected by the neighbouring Bodies ; the 
Shadow is then but a dkninilhed Light, and it increafes, 
or ftrengthens, in Proportion as the Light decreafes. We 
can confider the Mafs of Light which extends itfelf from, 
the heavenly Body, fo far as to the Body oppofed to it, and 
the Mufs of Shadqw which occupies the oppofite Side, as 
a Column of Air, luminous on one Part, and fhadowed on 
the other. Thofe two Parts of the Column turn on the 
Body interpofedas on a Point of Support, and the fhadowed 
Part, like the Arm of a Whip, makes always a Motion 
contrary to that of the luminous Part : fo that to be ca- 
pable to, affign by Points and precifè Meafures, the Pro- 
grefs of the Shadow on one Part, it is to know the Progress 
of Light, . and the Courfe of the heavenly Body which ca- 
vers it on the other. 

Such is the firft Foundation of Gnomonio, or Dialling. 
This fine Art, which confifts in the Reprefentation of the 
Circles of the Sphere, and the Courfe of the Sun* or Moonl 
by the Projection of the Shadow oppofed to them (which 
we call â Dial) has borrowed its Name from the Word 
Gnomon, which fignifies equally an Index or a Dial. What 
can be, then, the Refemblance between that Infiniment, 
with two Branches joined in a right Angle, and the Indi- 
cation on the Courfe of the Shadow ? They employed, at 
firft, for that Purpofe, a Quadrant, one Side thereof was 
faftened to the Ground, and the other, viz. its Point, ex- 
tended to a perfect Level, to indicate the Point whither 
the Shadow was carried. Not contented with Projections 
oa a Plane, the Shadow of a Point, a Pyramid, or a Ball, 
terminating a Support expofed to the Sun, it has been 
found much more proper to oppofe to the Sun a long 
Plate, or Rod, either of Wood, or Metal, which could 
give long Shadows, to be traced in fuch a Manner, as to 
form an exalt Reprefentation of the Returns of the light, 
by Lines, more proper than a Point, to render fenfible the 
Pofition of the Shadow which contracts with that Light. 
Laftly, a third Manner was found of indicating the Fall 

and 
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Ota Progrefs of a Ray of Light ; and that was, to receive 
it through a Mafs of Shadow, to render the Brightnefs and 
Situation of the luminous Point more conspicuous, by mak- 
ing it to cut on the Black round about it. 

The fécond Principle, or next grand Im- 
provement in the Art of Dialling is owing Pri ^^ f 

1 to the following Obfervation; by Virtue the Art of 

whereof, the Projection of Shadows has been Dialing. 

; rendered much more eafy and fuccefsful. 

I There is fuch a Diftance from the Earth to the Sun, that, 

with regard to it, our whole Globe may be confidered as 
a fmgle Point ; and, confequently, the opake Body, round 
; which we obferve the Sun's Revolutions, may be looked 

5 upon as the Earth itfelf : whence it follows, that the regu- 

lar Image of the Shadow of that Point on our oppofite 
"Plane, exactly reprefents the Sun's Revolutions round the 
Earth. 

By another Conséquence of the fame Principle, if we 
oblerve the Sun's diurnal Revolution round an iron Rod, 
placed parallel to the Axis of the Earth, this Rod becomes 
the fame Thing as the Axis itfelf. It may be called the 
terreftrial Axis, and the Revolution of the Shadow of our 
Axis, wil! anfwer exa&ly to the Revolution of the Sun f 
For notwithftanding there are 1 400 Leagues from the Cen- 
ter and Axis of the Earth, to the Point of the Style, and 
to the reprefentative Axis which you lay out, here, by a 
Line under the Sun ; that Diftance is not to be minded ; 
both Centers making but one fame Center, and both Axes 
bat one fame Line, in the remoteft Diftance of the Sun ; 
and the Progrefs of the Shadow, projected by vour Axis, 
is the Representation of the Progrefs of the Sun itfelf. 

The mo ft able and judicious Mathematicians pretend to 
be fully convinced, by a Multitude of Proofs, of the diur- 
nal and annual Revolutions of the Earth ; which being but 
« mere Point, with regard to the whole Creation, can en- 
joy, fay they, the Sight of the Univerfe, and of its diffe- 
rent Afpecls, by Means of its Rotation, far from thinking 
it the immoveable Center of a Motion, whofe Immenfity 
is furprifmg, and whofe Rapidity is beyond all Probabili- 
ty. The Learned, however, by transferring to the Earth 
the Revolutions which the Eye attributes to the Heavens, 
are bot fo much the more fcnfible of the great Indulgence 

of 
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of God to Man, in whofe Favour all Appearances arc fo 
regulated, as if they all moved for his fole Benefit and 
Advantage; and who fees hiraielf on his Globe* the 
Center of all that happens in it. 

We have no Occaiion, moreover, to examine, here» 
whether it be the Earth, or the Sun, that wheels about; 
becaufe if we want to make the Shadow of a Candleftick 
move along a Wall, it is indiffèrent whether we carry the 
Çandleftick round the Candle, or the Candle, round the 
Candleftick ; for the Effect will be $hfctanTe* and it fuf- 
fices, here, to follow the Syftern with Our Eyes, we want 
neither Obfervations nor Instruments to, inéoàn ourfèlves 
of the Departure or Return of the. Light ; but we want 
them to divide the Day into two equal farts, and ûx the 
Diftance of the Rifmg and Setting of the Sun,, with regacd 
to that juft Medium, and have, confequently, the Order 
of our Days ; for there is nothing precifiây certain to judge 
of the Arrival cf the Sun at the Point which makes the 
Separation of thé Eaftern Hours from the Weftern. In 
that refpect, we may be miftaken an Hour, at lead, if not . 
morel Some Method was therefore to be found, which 
might give us fome Certainty of the Sun's traverfing that 
Line which we conceive to pafs from one Pole to the 
other, through our Zenith ; ftnce that Line cuts cur Ho- 
rizon in two equal Parts, and alio the culminating Point 
vf the Sun's Courfe above that Horizon. 
The Blend!»* ^ ne meT *dian Line which we fuppofe t» 

Li ne# be placed in the Heavens, and cut the va- 

rious Points which the Sun is In from Day 
to t)ay, when he has run half his Courfe, was firfi drawn 
upon horizontal Planes, in a juft Correipondence ; and 
the Shadow which moves all Day round a Style,, erected 
upon this Line, intimates, by falling thereon, that the 
Sun* as well as Man, has xlone half -his Work. 

It was no fmall Advantage to be capable of reprefenting 
à* Circle by a right Line ; and that Reprefentation was 
exalt. For the meridian Line is properly the Paiïage of 
ihe Meridian, confidered as a maifive Plane, through the 
Plane of the Horizon ; but the Section of a Plane, which 
traverfes another Plane, is properly no other than a right 
Line. If you fink a round Table perpendicularly into a 
Surface of Mortar, the Mark left by the Table» after it 

tas 
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has been taken oat», is * right Line. ShoulâVoidy • atNiûi 
ftick out, you would fee, at the Side of the Se&ion». the 
" Print of its Pafiage i becaufe it was not in the Plane of the 
Table. It is highly requifite, that the Reader, mould un- 
derhand aright, what we are now (peaking of* Here. i& . 
a very eafy Method of finding the Interferon of the Plan* 
of the Meridian, upon an horizontal, or* other Surface» 

A B, is a Level, made with a Block, and p fàfg m 
two upright Sides; it miiH be?a little maf- j^~ Ia 
five, that it may keep its Situation, when 
once fixed, perpendicularly ; and made of a very, hand 
Wood,- that; it may not warp. 

Its upper, under, and lateral Surfaces, ate cat fo» as ta 
make a oompleat Parallelogram : on the upper and under 
Surfaces of the Bioek, or Bafe ; on the» upper, and under 
Part of the Foot, Diagonals are drawn» from one Angle to 
the other : to have the middle Pointin the Interfe&ion C, 
from the Interferon of the Diagonals, traced on the Foot 
C, to the Interferon of the Diagonals drawn in the fame 
Manner under the Baie, a Hole is bored exaftly perpendi- . 
cular, and proportioned to a.fmall iron Ball, round which . 
the Inilruirtent rolls without much Deviation-. Upon the 
Bafe C, are erefted two upright Beams, of about two Feet 
in Height,, and diftant from each other half a Foot, or 
fomewhat more» 

On the jirfl Beam is a Plummet with its Tackle. The 
firft upright Beam, on the Second, and on the Bafe, with^ 
in Side, and without, reaches, on all Sides,, the bife&ing 
line, keeping in.tbeMiddle of each Piece* Towards the 
End of the Bafe, on the bifefting Line, there is another 
HoleD, with an iron Ball proportioned to it,, to take in 
and out at Pleafure : It ferves with the other Ball C,.to . 
keep the Infbument in a confiant Situation: It may be 
fixed other wife.. On the firft upright Beam» and in the 
bife&iagLine, a, flight Notch E is made. 

The, firft Ufe of this Level is to find the 
meridian Line, or. a Line, upon which the Ufc of it. 
Shadow of a Body, oppofite to the Sun, will, 
fall exa&ly at Mid-day* on an horizontal Plane, fuchas 
the Pavement ofiaGhurch* the Floor of a Gallery, 01 the 

* Su ihuKcrticAl asti IbriXOntdMcrtiiatt, Vol. IV. Difcv X. 
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Scaffolding prepared for drawing a Sun-dial againft a 
Wall. 

To give to the Line an exact Pofition, you muft chufe, 
if pofuble, a clear Day, about the Summer Solftice ; be- 
caufe the Sun's Altitudes are then, nearly, in all Appear- 
ance, the fame in the Points equally diftant from the 
South ; and about Nine or l'en in the Morning, place this 
Level, either on an horizontal Plane, or the Scaffolding 
built on Purpofe to trace your Dial. After you have fixed 
the fmall Ball C, in a Hole made on Purpofe, exactly per- 
pendicular, place the fir ft upright Beam fo, as that being 
. en a Level between the Sun and the fécond upright Beam, 
it may call its Shadow exactly on the whole Breadth of the 
Second ; and the luminous Point, which will cut through 
the Notch E, may cut, juft in the Middle, the bifècting 
Line in f. Mark out that Jnftant a firft Point on the 
Scaffold, at the Extremity of the bifecting Line in A, on 
the Forepart of the Foot ; and another Point at the other 
End of the bifecting Line. At the very fame Inftant, 
mark the Height of the Shadow upon the fécond upright 
Beam, and the Middle, as exactly as you can, of the Point 
of that Light that pa/Fes through the Notch at E, upon 
the bifecling Line at F. 

At any Hour of the Day, you may, if you pleafe, ex- 
pofe the firft upright Beam to the Sun, fo as to cover ex- 
actly with its Shadow the whole Breadth of the other 
Ee ms ; but as the Sun is continually increafing in die 
Forenoon, and continually decreafing in the Afternoon, 
there can be but two Inftants when the Shadow and the 
Point of Light can meet at the fame Height, and in the 
fame Situation, on the Surface of the fécond Beam, nn% % 
the two Points where the Sun is at the fame Diftance from 
Noon, either before, or after ; as at Nine, and Three, at 
half an Hour paft Nine, and half an Hour paft Two, at 
Ten, and at Two» and fo at any other Hours, with their 
Quarters, and Halves, or other correfponding Miautes. 

Suppofe your firft Obfervation to be made at Ten in the 
Forenoon, i. e. two Hours before Mid-df y, you muft get 
ready for the Second, a little before Two in the Afternoon : 
turn your Infiniment round the iron Pin C, towards the 
Sun, which here paffed from Eaft to Weft ; and when,, in 
feeling the Pofition of the Level» you will fee the Sun cut- 
ting 



Of Dialling. 195 

ting by Degrees the Shadow of the firft Beam, and the lu- 
minous Point of the Notch exactly at the Points marked 
in the Morning, upon the other Beam ; you are then, un- 
doubtedly, at the fame Diftance from Noon, and the Sun 
is at the fame Height above your Horizon : mark there- 
fore immediately upon the Scaffold, the two Extremities 
of the bife&ing Line, which crofles the Bafe. 

Take off then the Level, you have the two Points for 
the Morning, and the two for the Afternoon. Join them 
by two Lines croffing each other : then (by Problem the 
70th) draw a Line to pate at an equal Diftance from thofe 
Points. If the Operation be right, it will (by the 66th) 
reach J:he Point of Interferon, and this Line is the me- 
ridian Line fought. For a greater, repeat the Operation 
another Day, and inftead of the Hours of Ten and Two, 
make Choice of Niue and Three, or fome other Points 
equally diftant from Mid-day. If your meridian Lines, 
taken feparately, are found confounded into one, there is 
rooxii to fuppofe that you have fucceeded. But if you 
have two meridian Lines, inftead of one, either the Ope- 
rations, or Infiniment moil be rectified. 

After you are veryfure jof a Meridian Line on the Ho- 
rizon, or Scaffolding, you may transfer it on a Wall made 
perpendicular, which is called a vertical Plane, by draw- 
ing upon it a Line perpendicular to that which you have 
drawn upon the Scaffold. For, as this is the Section of the 
Plane of the Meridian on the Horizon, the other is the 
Section of the fame Plane on the vertical perpendicular to 
the Horizon. However, it is not always neceffary to draw 
this Line upon the Wall. 

What we mall add to this Operatibn, will give you the 
Hour of Mid-day, with the reft of the Hours on all Sorts 
of Planes. It fumces to prolong the meridian Line of 
your Scaffold, fo as to touch the Wall by a Point which 
you may mark upon it. 

If you have no other Defign than to have a fixed meri- 
dian line, to fet your Pendulums, or Watch, after you 
have traced it on an horizontal Plane, and transferred it, 
if wanted, on a vertical, you muft ere& upon it a Style, 
either upright, or oblique, to call on that Line the Shadow 
of its Vertex, the Moment the Sun enters the Meridian, 
which makes the exa& Partition of our Horizon. The 
; ... K2 Exaft- 
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Exaclnefs o£ the Pofition of that Vertex confias iniis being 
in the Plane of the Meridian; for otherwife» the Shadow 
of that Vertex being not itfelf in the. Plane of the men-* ! 
dian Circle, would not fall, at Mid-day, on the meridian 
Line, which is the Interferon of the meridian Circle on 
tjie vertical Wall. On the contrary, the Vertex of your 
Style, and its Shadow» or the luminous Ray which pierces > 
Uj will be in the Plane of the meridian Circle, if that 
Vertex be precisely brought between the meridian line, 
which is on the vertical Plane, and a Parallel in the meri- 
dian Plane ; which Line is eafily found : it is a String 
hung in fuch a Manner, as falling perpendicularly on the - * 
horizontal meridian Line of the. Scaffold, it is found paral- ■ 
lei to the meridian Line-drawn on the vertical Surface* ! 
"Whatever is between thefe two Lines, is in the Plane of. J 
tjie meridian Circle : therefore the Vertex of your Style i& i 
ipfalliblyifoundin.it. By looking carefully, you find it \ 
hidden», or- cut between the String and- the meridian Line, j 
drawn on the vertical Plane ; that Line, being quite.cover- \ 
ed by the String» you are fure that your Style is rightly \ 
fixed. ] 

You are fenfible*. that the Sua defcrjhes every Day new ] 
Circles parallel] to the Equator, from which it declines for- i 
three Months fucceffively, 23 Degrees thirty Minutes from 
the Meridian ; that it returns towards the Equator again, du- 
ring three ofher Months fucceffively, andperforms the fame 
Çqurfe duripg the following fix Months in the other He-, 
rnifphere. It never returns therefore two Days together at 
tfce farriQ Pqipt. of ; the Meridian ; therefore the Shadow oft- 
the Vertex of the Style, fhifts its. Place in. Proportion, on* 
t^e^rneridian.Line; but, at Mid-day, it falls, always, on 
the Points of that meridian Lino, higher» or. lower, it 
never quits it, at that Hour ; hecaufc the Sun* to which the; 
Shadow, is always oppofite, is found at Mid day in the: 
Plane of that Circle, 

When that Shadow arrives on the Meridian, it gives 

S»u Notice,. that the Simia half WayJric Gourfe over your- 
prison;, but it: doe* Hill more \ rbr.as.it changes. Places 
from Day tQ(Dav 4 . on thafcline* it points out toyon alio, 
the various DeeUutkm^of.tne S un. from, the Equator* 

■. The difterentiPoints , on whick the. Shadow, falls, and) 
mnich atfe fee*iejqwefMaq^iit> bprfheJfigwettof. the* 

twelve 
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twelve Signs of the Zodiac, <or by the frlàWes of the 
Moaths, or of the Days, when the Sun 'enters rhofe Signs, 
and paffes over (rich or fuch Degrees, are fumcient to ex- 
prefs the Sim*s Entrance in the twelve Signs ; the two tail, 
or mofk dfltânt from the Equator, are the Tropics of Can- 
cer, and Capricorn ; the five othéV Points receive 'the Sim 
twice «a Year, once in its Afcent, and once in its Defcent. 
Theyferve to the Pofition of two Signs ; fince the Point of 
the meridian Circle, where the Sun arrives when he paffes 
under the Parts of dries, is the feme with that where he 
reaches our Meridian, when he enters Libra. Thé Point 
of the Meridian, under which the Sun paffes, when he 
qms Gemiktj to enter Cancer, is in the fame Declination, 
or Diitance of the Equator, with that where he repa*flfe» 
under 4*r Meridian, when he quits Cancer to etiter Leo * 
aadfoofthet»eft» 

The Sun, indeed, doewnot tasks theie different •Pro* 
greifes on «be IrteryJiaa ; ifer his Gtoriefe^titorefy through 
the «ftbfeptfe Circle, that erittnds to i 3 De^ees 30 WiwitW 
ca eadi &de the £qimtt>r, TflfcrefoKe in his dfitertht £0*. 
Mdtas ta tta fidiptk, he Is brought, by its daily Aevolu* 
tkfn, to dttfettnt Pokto of the Meridian 5 ànd the Diftbi- 
taaon of thofe Paint*, in îhe Gênant of twice 23 Degrees 
30 Minuted of the Meridian, ought not to be by the DM- 
fions <rf fix equal Parts of an Arch of 47 Degrees ; but by 
a Divifion that lfcprfcfeftts oft that Arch die ©Ws Situation 
in the twelve Houfee of the Zodiac 

In order to €tid the Arch of 47 Debtees 
of the Meridian, whidh include the Dfeeli- Pfr a. 

nations» we will fchufe a meridian Line, 
drawn on a polar Plane parallel to the Axis, and confe- 
quently r inclined 47 Degrees on oar Herifeon H O, and 
exactly oppofite to the South. On this meridian Line, or 
on the Line M, which represents it, raife at right Angle* 
the Perpendicular E q, which represents the Equator, o* 
radier the Interfection of the equinoctial Circle on that 
Plane : from thé Point where that Line touches the men* 
. dian Line, take at any Time, with a Compàfs, the Di- 
stance, or perpendicular Height of the Ver te* ot the Styfe S ; 
then, from the Point S, carried at the fame Diftance from, 
the meridian Line, upon die equinoctial Line Ë q, and 
with the fame" Opening of the Compafs, draw the Arch of 
K 3 the 
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the Meridian E C. Upon this Arch meafure 23 Degrees 
and an half, on each Side, to have the Declinations of 
the Sun, from its Entrance into Capricorn, to its Arrival at 
Cancer, and it is from that Point C, that the Sun takes up 
fix Months, to arrive at E, and the other fix Months from 
E into C. The Circle which the Sun runs through, and 
divides into equal Parts, extends itfeif obliquely to the 
Equator, fo that the two Points of that Circle, the moft 
declining from the Equator, pafs, in the diurnal Revolution 
of the Sphere, under the Points E and C of the Meridian. 
The Sun therefore arrives every Day in fome of the Points 
of this Arch of 47 Degrees of the Meridian, according to 
its various Progreffes through the 1 2 different Aflerifms* 
which border its oblique Cir.le, its annuel Orbit. 

To give an Idea of the various Pofitionsof the Sun, when 
he will come, twice a Year, under all the Points of that 
Arch of the Meridian, which the Sun is to go through 
twice a Year, excepting the two moft declining Points, 
which he glances upon but once, it fuffices to draw, from 
a Point taken for the Center, at an equal Diftance from 
£ and C, the Circle B, E, L, C, and to divide it into 1 2 
equal Parts : if the Points of the Divifion found two and 
two, equally diftant from the Equator, be joined by ford 
or pointed Lines, and parallel to the Equator ; thefe paral- 
lel Lines will divide the Arch C E into Points more di- 
flanced towards the Equator, and nearer towards the Tro- 
pics. Thefe are the Points of the Meridian through which, 
the Sun paflès and repaffes, without quitting its Ecliptic, 
and following an uniform Courfe : if then, the Sun mines 
in Cancer at Ë, the Shadow of the Style S will fall upon 
the meridian Line on the 21ft oijune ; if it mines in B». 
in jtriesf or in Libra L, the Shadow will fall on E q, oa 
the 21ft of Marcky or the 23d of September. If the Ray 
comes from Capricorn C, into S, the Shade will carry it 
on the meridian Line, on the 2 2d of December The reft 
is eafily underftood. The finall Circle which we have de- 
fcribed, and extended from the Point of the Winter Sol- 
ftice to that of the Summer Solftice, takes in the whole In- 
terval, which traverfes the Ecliptic. Like the Ecliptic, it 
is divided into 1 2 Houfes. Whether the Sun occupies the- 
upper or lower Part of the parallel Lines we have drawn 

from 
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From Point to Point, it produces the fame EfFeà. The 
Sun, in its diurnal Revolution, equally afcends, and pafTes 
through the fame Points of the meridian Circle. 

We have, therefore, by that Means, a faithful Repre- 
fentation of the different Portions of the Sun in that Arch 
of the Meridian that includes all its Declinations : confe- 
quently, we have alfo the Declinations of the Shadow that 
anfwer to them, on the meridian Line : and if this meri- 
dian Line,inftead of being, as it is here, on a Plane which 
makes a right Angle * with the Equator, mould be drawn 
on another Plane, it would have the fame Effeft. The 
Lines drawn from the Arch C E, through S, will go, ac- 
cording to their Detraction and Extenfion, to mark on the 
meridian Line ttyeir Point of Fall, or the Entrance of the 
• Sun in each Sign. 

Aftronomers have carried the Exa&nefs of their Calcula- 
tions fo far, as to mark on the, meridian Line, and even 
along the reft, of the Hour lines, the Pofition of the'Shadoiv 
that anfwers every Day to the Sun's actual Situation in the 
Zodiac : and thus a Sun-dial becomes a perpetual Alma- 
nack. 

The Geometrician confiders himfelf as in Vie Vertex of 
the Style ; and from that Point, which the Sun's great 
Diitance allows him to confound with the Center of the 
Earth, he obferves the Rays of the Sun as they pafs from 
one Parallel to another. He fees thofe Rays, in the equi- 
noctial Days, fall perpendicularly on the Axis, which 
pafles through the central Point which he occupies. He 
fees them coming towards him obliquely, and under diffe- 
rent Obliquities, in Proportion as the Sun is found on more 
declining Parallels. He makes of thofe Lines, which 
every Day mine varioufly on him, Cones, whereof the 
Geometrician occupies the Vertex, and whofe Bafes he fees 
fixed at a great Diitance from Parallel to Parallel. He 
calculates the Differences of all thefe conical Lines, to 
draw afterwards, by exac> Points, the Degree of the Sun's 
Courfe, the Sign, the Declination, the Month, and Day, 
that concur with the actual Hour. 

This Work is no fmall Credit to us ; but the Knowledge 
we have of the current Month, and of the Day that lights 
•See Vol. IV. Dialogue X. 

K 4 us, 
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us, renders us, moft commonly, very little attentive to this. 
, Multiplicity of Pointsand Lines, which exprefs in the Di- 
als no more than what we know afoeady . We do not know 
the Hour ; and, to be informed of it, we approach a Dial ; 
let us learn, then, how the Diftribution of the Hours is 
. made upon it. For that Purpoie, we apply ourfefoes to 
the Sun-dial. 

Inftead of ufing the Shadow of the Vertex 

-Sun-Dial*. of a Style, or a radiant Point received thro' 

the Shadow, by Means of a Hole made^hro* 

. a Wall,, or a Board, let us make ufe of an iron Rod, to 

xeprefent the Eaith's Axis, for a Reafon which I hope you 

wiiJ approve. 

The whole Length of this representative Axis being 

wholly in the Place of the meridian Circle, cuts, at Mid- 

. day, the oppofite Surface, by a Line of Shadowextending 

along the meridian Line. This Projection of the Shadow 

. of the Axis does not .differ, at that Jnftant, firotn:the Jb- 

,texfec"tion of the Plane of our Meridian»*» ^^urÉaceûf- 

. fered. 'Tis-on either Side a right Line, a»d;the fame. A 

fmall Ball may be fixed to any Point of this Axis, whafe 

Shadow will flrift f Place, evwy Day, as the Smn-âcm, but 

mthoiit^iiJÛagrtbe.Xîine at Mid-day. NrtwitbfemdBtç, 

.^kesefore, the X)iveru.ty of the Sun- s Dedications, this 

, Line .of Shadow will conftantly mark, every jDsy, theiHomr 

. of .1,2 at Noon, by lying along the line of Interfoétion^of 

the Plane -of the. Meridian., on the ogpofite Surfece. N»w 

^all diçltoxary Circles,, which mail be ^ar^cularly obfetoed, 

which the Stan reaches from *one -Hoar to mother, a«e& 

jiianyMendians for afferent Horbens. AMiAeijeMeri- 

. dians pafs through : the fame Axis^ whether the terrefteial, 

r ,or its^eprefentativie; which is the fame Thing, .finee the 

Axis of the Earth, and. that of the Dial, ane confounded 

with regard to the Sun : this Axis, therefore, is in the 

Plane of each of thefe Meridians : whence it foUows, that 

the Projection of the Shadow of this Axis, by diiplackig 

itfelf fifteen Degrees in an Hour, as the Sun does, will 

perfectly reprefent the fuccefEve Interféras of each bo- 

, «Titty Plane» on the Surface of the Dial, by a Line, which 

is the lame all the Year. It is, indeed, the fame every 

Day» at the fame Hour, becaufe the Sun cornea every Day 

ta 
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to it, notwithstanding his Declinations, returning every 
Day at the fame Hours, though fomedmes higher, and 
fom eûmes lower, yet always in the Plane of the fame Me- 
ridian. To have the Interfeétions of the Planes of the ho- 
rary Circles dirpofed, at every 1 5 Degrees on the Equator, 
is then the fame Thing as to have the Projection of the 
Shadows of the Axis, which make Part of all thefe Planes : 
reciprocally, to have the Projetions of the Shadow of this 
Axis, which traverfes all thofe Planes from one End to the 
other, is to have the Interieclion of aJi the horary Planes 
on the Plane of the Dial. When you have drawn thefe 
Lines, fix your iron Axis parallel to the Axis of the Earth, 
then your Dial is finiihed. Thefe Interfe&ions of twelve 
or twenty -four meridian Planes on a Surface, are as eafily 
bad, as the Divifion of a Circle into 1 2 or 24 equal Pacts. 
Therefore it is alio very eafy to have the Projetions of the 
Shadow, and of the Axis, that Shadow being infeparable 
from the Interférions. 

Sun-dials are drftinguifhed fey Names, ac- 
cording to the Planes of their Surfaces : Let Equinoafcl 
us begin with one in a Plane parallel to the Swi-dM. 
Equator, which we call an Equino&ial-dial. 
For that Purpose, draw a meridian Line horizontally 
on whatever Support you think proper to c'iulè : raife 
trpon it a Copper "Plate, or of any other Metal, or a Slate, 
till it is parallel to the Equator, and after you hive drawn 
tm each Side the Plate a Circle, divided into 24 e^ual Parts, 
or 48 if you -would have the half Hours ; drive an upright 
Style perpendicularly quite through the Plate, and draw 
Lines from the Center to the Points of Divifion : if you 
make the fouth Line anfwer to your meridian Line, and 
the equino&ial Plate be raifed fo as to make an Angle of 
41 Decrees with the Support, for the Horizon of Paris, 
your Dial will be finimed, and mark the Hour all the 
Year. 

AM Triangles (by Prof. 133.) are equivalent to two 
right Angles ; but your Equator,, its Axis, and the Hori- 
zon, or the Surface of the Support, Which is parallel to 
•the Horizon, -make, together, a Triangle ; -yon :Ought, 
therefore, to find the Value of 1 80 Degrees in the three 
JUvgles. But, by the Conftru&ion we hare feen above, 
K 5 the 
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the Axis makes a right Angle with the Dial, which is 
here the (âme Thing. The two remaining Angles, with, 
the Equator, therefore, are together equivalent to 90 De- 
grees. Now your Dial, and equinoctial Plate, making an 
Angle of 41 Degrees with the Horizon, there remain 49 
Degrees for the Angle which the Axis makes with the 
Horizon ; therefore your Dial is at the right Height of the 
Pole which fuits with Paris. Befides, your Equator being 
by the fame Conftruction expofed to the true South, fo that 
the Hour Line of 1 2 cuts in it the meridian Line in Length ; 
the Line of 6 Hours, which cuts the meridian Line at 
right Angles, on the regular Planes, draws here towards 
the true Eaft, and true Weft ; your reprefentative Equator 
will therefore become parallel, every Way, to the real 
' Equator, and one is confounded with the other : confe- 
quently the Sun will be fix Months fucceffively on your 
Equinoctial, and ihine upon it from the 21ft of March to 
the 23d of September ; the next Day following, he will 
pais to the meridional Part, and enlighten the under Sur- 
face during the Autumn and Winter ; and the Axis cafting 
its Shadow upon it, as the Sun does its Light, that Sha- 
dow will mark every 1 5 Degrees, a new Hour. The in- 
ferior will furnilh but 1 2 Hours about the Equinox, and 
about 8 at the Winter SoliUce ; becaufe it can mark no 
longer than the Sun is on our Horizon ; whereas the fu- 
penor Part will, for the fame Reafon, furnilh 1 2 Hours, 
after the Equinox of the Points, and 1 6 at the Summer 
Sol dice ; that being the Time which the Sun remains on 
our Horizon in the Summer. 

Such is the Conftruction of the portable 
Fig. 3. Equinoctial- dial. It is made up of a Com- 

pais-box, a moveable equinoctial Circle, a 
Quarter of a Circle moveable alfo, and a Style, which, by 
Means of a Spring, may be raifed above or Tbelow the E- 
quator. The Compafs-box helps us to find the meridian 
Line ; the Quarter of a Circle ferves toraife the moveable 
Equator to the Complement of the Altitude of the Pole for 
the Place ;. and, laftly, the Style with a Spring is of Ufe, 
during fix Months, on the upper Side, and as long on- the 
under. , 

The 
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The horizontal Dial, which is very much 
in Ufe, becaufe it fervcs throughout the The horiaon- 
whole Year, is drawn on a Plate of Metal, or tal Sun-dial. 
a Table of Stone. Draw on the Plate the 
Line XII, D, which is taken for the meri- lg * 4 ' 

dian Line, and which will become fuch when 
laid flat on another meridian Line drawn before. If from 
a Point of the meridian Line, as D, you raife obliquely a 
line, or an iron Rod P D, which mall make with the 
horizontal Surface an Angle of 49 Degrees for Paris, that 
Line will imitate the Axis of the Earth. Upon this Axis, 
at the Point g, taken at any Time, raife a Perpendicular, 
which will meet the meridian Line and horizontal Surface 
at the Point which will be called XII. The Angle of the 
Axis, with the meridian Line, and the right Angle of the 
Line g XII. with the Axis, are to be meafured on the 
Plate on one. Side the meridian Line. Thefe Lines are 
afterwards to be realized in Iron, and raifed up above the 
Plate in the Plane of the meridian Circle, Thefe three 
Lines may be reprefented by a Triangle, of Tin, of the 
lame Meafure, and will rife perpendicularly over the me- 
ridian Line ; the raifed Back or this Triangle will ferve 
for an Axis, 

The Line g XII being at right Angles with the Axis 
P D, and this Axis making an Angle 0**49 Degrees with 
the meridian Line or Surface of the Dial, both Sums make 
up the 1 39 ; there remains the Sum of 41 Degrees to com- 
|>leat the 1 80, which is the Value of the whole Triangle, 
and the Angle of the Equator, with the Horizon of Paris, 
The Line g XII perpendicular to the Axis, and inclined 
41 Degrees to the Horizon, according to the Complement 
of Latitude, is therefore, in this Place, the true Radius of 
the Equator ; if we feek after the Interferon of the equi- 
noctial Circle, prolonged on the Horizon, we mail find it 
at the Foot of the Radius g XII, and in the indefinite 
Line O S, which croflesthe meridian Plane perpendicular- 
ly ; fince the Line of the Equator cuts the Plane of the Me- 
ridian at right Angles. Inftead of fixing the Axis, or 
back Part of the triangular Style, on a Line of Support, 
which imitates the Inclination or Radius of the Equator, 
that Support is made perpendicular to the Plane of the 
rr K 6 . . Dial, 
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Dial, which il a Thîng of little Confequence in regard tx> 
the Ufe of the Dial. 

Let us fuppafe, at prefent, the reft of the Hours to be 
fo many meridian Circles, that pafs through the Equator 
at the Interval of 1 5 Degrees, luminous as far as the Axis 
which divides them all, but fhadow'd on the other Side of 
*he Axis, which is oppofite to the Sun. To find in which 
Points of O 6 thofe Lines will terminate, let us place a 
Semi- equator, fuehasC 12, flat on the Horizon, by open- 
ing the Compafs to the Length of die Radius g XII, and 
let us divide this Circle into it Hours, or 24, to haveth^* 
.half Hours. Let us draw the Line 1 2 ftraight to the me- 
ridian Line XII D, the horary Lines, or ftiadow'd Planes, 
1, 2 t 3, 4, 5, being produced, will meet on the Interfec- 
tion of the real Equator in Points, which you are to mark 
I, II, HI, IV, V ; in the fame manner the Planes 11, 10* 
-9, S 9 and 7 pointed on the Semi-Circle every 1 5 Degrees, 
and produced as far as to the equino&ial Interferon OS, 
will meet in Points, to be marked XI, X, IX, VIII VII, 
with the Halves. Thefe muft be divided on the Semi- 
Circle where they are equal, and not on the ftraight Line 
O S, where [by Prep. 71.) they become much longer, and 
farther diflant from each other, in Proportion as they fall 

* more obliquely thereon. 

Thus a thin triangular Plate, perpendicularly fixed on 
the meridian Line, with its Vertex in g, or only a Ample 

• Style placed perpendicularly, or ib as to have its Vertex at 
. the Height, and in the Situation of g, will point out the 

Hours, by the Shadow only moving from one Hour-Line 
to another, through the Equino&tal OS; becaufe that 
Vertex is in the Axis where all the horary Circles cut each 
other, becaufe thefe Points of Divisions on the Equinoctial 
O S are in the Planes of each horary Circle where the Sun? 
is found. It is evident, that if the Sun is in one of the 
Planes, the Point g of the Axis, which is part of that 
Plane, and the horary Point which anfvvers to it in the 
fame Planed are all exadtly oppofite. The Point g hides 
the Sun from the horary Point, and becomes the Point of 
Divifion between the Light and the Shadow. 

But, inflead of the Shadow of a Point, let us take the 
Shadow of au Axis lengthened at pleafoxe; we ihall find 

ih 
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ta it the' Advantage of à Line of Shadow different from all 
bther, and alfq a new Proof of the Truth of our horary 
Divifions. 

The Axis P D, being rarfed over the horizontal Plane 
at die Point D, ftands in the Air in the Plane of the Me- 
ridian; and the Shadow of the Axis is fo much a Part of 
that Plane, that it reprefents it, as foon as the Sun comes 
there. This Edge or Point of Shadow is therefore a kind 
of moveable Style* that turns round the Axis oppofite to- 
the Sun, and when the Sun is in another horary Circle,, 
tile Point of Shadow (hews the Plane of the Circle, by- 
keeping in the Part w>pofite to the Sun.. To know juftly 
whither that Point 01 Light will carry itfelf in all Cafes* 
we muft have recourfe to our half Equator, which we have- 
placed and divided on the Horizon. Let us confider this* 
half Equator C 12, not as a merelineary Semi-circle, but: 
as if it was made of folid Matter. We will take it. by 
the Point C, and keeping it upright* without putting the' 
Line 12 from the meridian Line XII, raife it up by the 
Point C 1, C 12, and keeping the Point 12, we will-, 
bring the Point C to g; then, if the Sun be in our Meri- 
dian over C, the moveable Point of Shadow, keeping in» 
the fame Plane with the Sun, will fall upon the XUof" 
the Horizon, as well as upon the 12 of the Equator, If 
the Sun moves *$ Degrees more Wefterly, the Shadow off 
the Axis, as a moveable Style, will lie along 1 in the Sfe- 
mi-circle, and arrive into I in the Horizontal Dial. Laft- 
ly, this Point of Shadow will proceed,, and move from ono- 
Line to the other in the half Equator every 15 Degrees,, 
and extend itfelf in the fame Direction, fo as to meet the. 
Points of the Horizontal Plane, fo far*as where they are 
prolonged and flopt. But this Point of Shadow,, in turn- 
ing round the Axis like a moveable Style* proceeds from 
every Point of the Axis ; it proceeds therefore from the: 
Point D, as well as from any other. Ml the horary Cuv 
des, therefore, which are reprefented by it alternately, 
interfefl each other at the Point D, and this Point, whenœ 
the Axis iflues from the Dial, becomes the Center of the 
Dial, and of the horary Lines. We have, therefore, no- 
thing more left to do, than to draw Lines from the Point 
D to the Points of the Hours, VII, tie. and in Proportion 

as 
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as the Sun fhall fhine on one Side of the Axis, the Shadovr 
will of Neceflity fall on the opposite Lines behind the 
Axis. 

When the Point of Shadow becomes parallel to the Line 
C 6 of the half Equator, it will be parallel to the equi- 
noctial Interfeétion O S ; but as the Shadow cannot meet 
with that Line, it will be neceilary to fearch another Line 
for the fixth Hour. , • 

Since the Point of Shadow, that revokes round die Axis 
and the Point D, is at Six o' Clock perpendicular to our 
meridian Circle, and parallel to the Interferon of the 
Equator, there is nothing more to be done, but to draw- 
through the Center D, where the horary Point is to pafs* 
a Line parallel to O S ; this Parallel will be the Interfeç- 
tion of the horary Point of fix on the Horizon i Since that 
Point, reprefenting the Plane of the Circle of fix Hours,, 
mult cut the Horizon with the Axis, which leans on the* 
Middle of that Plane. *Tis therefore at the Foot of the 
Axis, at the Meeting of all the horary Lines, at the Cen- 
ter of thé Dial, and at right Angles with the Meridian T 
that die horary Line of Six muft be drawn» 

If the Sun be on the Horizon by Six in the Morning, 
or after Six in the Evening, to have the horary Lines of 
Four and Five in the Morning, you need only prolong, oa 
the other Side of the Line oi Six, the Lines of IV and V 
in the Evening ; and to have the horary Lines of VII and 
VIII in the Evening, prolong, beyond the Line of Six r 
thofe which give VII and VIII in the Morning. The* 
Reafon of this Practice is plain and obvious. If after the 
Sun has over-run every i $ Degrees, twelve horary Circles, 
be found flill on our Horizon, the new Circles which it 
over-runs are the fame with preceding ones, taken only in 
a contrary Senfe. The Plane of each horary Circle, at 
which the Sun arrives, is half way luminous, and half 
ihadowed ; it is luminous at the Axis, and half fhadowed 
beyond the Axis; fo the Sun, at Six in the Morning, cafts 
the Shadow of the Axis towards the Weft : But twelve 
Hours after, being arrived in the fame Circle,, he enlight- 
ens that Part where the Shadow was at Six in the Morn- 
ing, and cafts the Shadow of the Axis towards the Eail; 
and thus of the other Hours» But that can go no farther 

than 



Of Dialling. • 207 

than Four and Five of the Morning, or Seven and Eight 
pf the Evening in Summer; fince the Sun, at the other 
Hours, is always under the Horizon. 

To make a vertical Dial againft a Wall, or on a Sur- 
face exactly oppofite to the South, you are to drive an Axis 
into the Wall, on the meridian Line you mull have pre- 
vioufly drawn upon it, fo as to make with the vertical 
• Wall an Angle of Supplement equal to the Height of the 
Pole, «w«. of 41 Degrees for Paris. Thefe Meafures are 
firft taken on Paper, by raifing the Line D P to the Angle 
I>P of 41 Degrees on the meridian Line D C. Raife af- 
terwards upon the Axis D P, at any Point taken at plea- 
fure, as g, a Perpendicular, which will fall on the meri- 
dian Line on a Point, which you are to mark XlL This 
Line g XII will therefore make with the Plane of the Wall 
an Angle of 49 Degrees, which is the Diftance of. the 
Equator from the Zenith, always equal to the Height of 
the Pole on the Horizon. By dividing the right Angle, 
formed by the vertical Wall and the Horizon, into two 
acute Angles, one of 49 Degrees on the Side of the Wall* 
the other of 41 on the Side of the Horizon, the Line g XII 
will be parallel to the Equator, and may be taken for its 
'Radius: pf the Height of that Equino&ial Ray draw, as 
you have done for the Horizontal Dial, a Semi-equator, a 
Semi-cirçle C 1 2 ; divide it into twelve equal Parts, we will 
call or mark the nrft and laft 6 ; that in the Middle will 
be t z ; join {he Line C 1 2 with the meridian Line'XII, 
and carry the Lines of the other Divifions, by prolonging 
them, till they meet with the Line O S, which is perpen- 
dicular to the meridian Line in XII, and paffing by the 
Foot of the equinoctial Radius g XII. If you conceive thé 
.Axis as coming our, of the Wall, and by lifting up your 
lineal Semi-equator you bring its Center C to the Point of 
the Axis g, you will then fee, that the Line O S is the In- 
terferon of the Equator on the Plane of the Wall. AU 
the horary Circles, except that of Six o* Clock, carry 
their fhadowed Points from the Axis to the Equinoctial In- 
terferon O S. Therefore the Lines drawn from the Di- 
vifions of the Interferon O S, ought all to meet at the 
Point D, where the Axis is drove into the Wall. All the 
horary Planes, which have thofe lines for SedUons, toge- 
ther 
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ther with & Line drawn from the Point C, and parallel to 
the Section O S, reprefent the Point of the moveable Sh»- 
dow, which, by revolving round the Axis, cuts the Meri- 
dian at right Angles. You will readily perceive this to be 
the horary Line of Six for Morning and Evening. When 
thefe Lines with the Axis, without changing the Angle of 
41 Degrees,, are transferred on the vertical South Wall, 
the Dial is finilhed. 

Since this Wall has its two Extremities towards the true 
Eaft and Weft ; the Sun, at Six in the Morning, and Six 
in the Evening, directs its Rays parallel to it, and pene- 
trates its Thicknefs ; for which Reafon, the vertical South 
Dial cannot mark the Hours, till immediately after Six in. 
the Morning, when the Sun begins to mine thereon, and 
a Minute before Six in the Evening, when he leaves it. 
The other Hours,, which it gives before Six in the Morn- 
ing, and after Six in the Evening, may be drawn by car- 
rying on the Northern. Surface of the Wall the Meafures. 

~ . »n- 1 abovementioned;andi)rolonginQ:withappa- 
Northern D.al. ^ ^^ ^ ^^ rf Jfo y ^^ 

Morning ; then of VII and VIII for the Evening. 

Let us change the Plane, and take a Wall,, 
Saftern Dial. mQ side whereof facçs cxaaly the Eaft> ^ 

the other the Weft. This Wall is in the Plane of our Me» 
xidian ; the meridian horary Circle which pafles through 
our Zenith, and the Axis that lies on the Plane of that 
Circle, are therefore parallel to this Wall, or lie in its 
Thicknefs : The Axis of the World makes no Angle with: 
the Plane of this Wall. If the Axis does not run through. 
the Surface of this Wall, the Dial we intend to draw on 
it has no Center, or common Point of Interfe&km for the 
horary Lines. Hew then fhall we have the Shadow of the; 
Axis, and that moveable one which anfwers to the Sun, 
changing Circles every 1 5 Degrees, whilft itmoves round, 
the Axis. This muftbe done by raiiing on the Dial a thin 
Plate of Iron, in the Form of a long Square, which by its. 
upper Line imitates the Position of the Axis ; or by driving, 
into the Wall a Supporter, to bear up- by one of its Extre- 
mities an Iron Rod parallel to the Wall and the Axis of 
the World. The Shadow tjimrng round the Axis, and 
being conftantîy in Oppofition to the Son, wiH fidl fcaigfet 

on 
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en the Wall at Six in the Morning, when the Sun mines 
full upon it, and will fink lower as die Son rifes higher. 
The fhadow of this Axis will be proje&ed, fix Hours af- 
ter, perpendicularly to me Projection of fix Hours, and be- 
come parallel to the Wall ; therefore it will be impoflible 
to mark the Hoar of j 2 at Noon, unlefs we take that very 
•C&rcumftance of the Shadow's quitting the Dial for that 
Hour. Such a Style, or Iron Rod, placed in the feme 
Manner on the other -Side of die Wall, will begin the^ftext 
IniUnt to project its Shadow. All thefe Projections are 
.neceflkrily parallel among theimelves: Bat what are the 
-Pittances to be afligned to «ach? We (hall be directed 
/here- likewife by the .meeting of the horary Ones of a 
Semi-Equator on a Line that reprefents the Interferon of 
the real Equator on the Plane. 

.Draw the horizontal Line H Q, «and on the F - g 
«Point A, taken at any Time in that Lbieipa- 
rallel to the Horizon, raife the Angle M A L«egaal ta ttet 
j££e*ght of ihe dRnk^ox the Placfc wtheieyou 4are$ we will 
«omimietoTiaise^iOTiEioaittafe, 48 iDegtecs, ço MBwftw, 
rm aafyxfft fiagnea, which as «he uAMtude if «he f>dfe tar 
*Pmàs : slU tiaaa, tthcough xthe Paiat A ynadraw *he Line 
£ Q, ib as tosnaWa/imilteiamaoiittd LmeMtQ an Angle 
«axjeaJUto Jàœt£lfiVHtix>n of jjbe&quatQr, ot -a right Angle 
/with A M, 4»ralkl to the Axis, the throe Lines E A'Q^ 
MAC, O AJa, wiU jepwfent «he ïnfceafe&ions. df the 
jfiqaator, aff the Girdeof Six, -aad'of the Hopfeon with 
Ae Meridian, which is the Wall. 

la «or Accaunt of iheTpreceding SKals, we have taken* 
aao îtotine -nf rtibe Snbftyiar-Hne, iwfccft is<a Line that pat- 
ffesiiiroi^htheinoDOtof a Style placed upri^tamdaerperw 
dicular to the Plane of the Dial, either to caft a Shadow 
with its Point, or to fappart/the Axis. This Suhftylar*ltae 
.was hitherto no other than the meridian Line. Here the 
Jtfferïdiaa, and the .meridian Line .'being in the Plane of 
the Wall, the SuMylar-line will be the Line of Six. Tis 
•on the Point A, and on a Line inclined of 49 Degrees on 
the Horizontal, that yon mult raife a Blade, in the Form; 
of a Parallelogxam, to caft a Shadow with its upper Point ; 
or an upright Style to caft a Shadow with its Vertex, oraa 
upright Style, fupporting an iron Rod parallel to the Axis 
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of the World. The Reafon for making Choice of the 
Point A for the Foot of the Style, and the Line MAC 
for the Sub-ftylar, is founded on the Sun's AJpect 

At Six o' Clock, when the Sun, gliding parallel with 
the Plane of the Equator, makes a right Angle with our 
Meridian, he makes, alfo, a right Angle with the Eaflem 
, Wall : That Ray therefore falls perpendicularly on the up- 
right Style, or Blade perpendicular to the Plane, both be- 
ing, at that Inilant, without Shadow. An Iron Rod fixt 
at the Top of the Style, fo as to be parallel to the Axis of 
the World, will call its Shadow at Six on the Line MAC, 
placed horizontally like that Axis, this Shadow, being 
perpendicular to the Plane, will be the fhorteft that can 
.fall upon it; by turning afterwards, like a moveable Blade, 
round the reprefentative Axis, it will grow longer, as it 
becomes more oblique, and fall along the Plane, ending 
upon it, by a Line always parallel to the preceding Pro- 
jection of the Shadow. 

To find out the Height of the Supporter which carries a 
Rod parallel to the Axis, or the Height either of the Blade 
or Style; and to determine the Spaces of the Hours, we 
will make Ufe again of a Portion of the Equator, by draw- 
ing it on the Plane on the Surface of the Dial. 

Take the Length A C, then with that Length, as a Ra- 
dius, and with C, as a Center, defcribe the Arch A S of 
90 Degrees , Divide this Quadrant of the Equator into ûx 
equal Parts, and through the Points of Divifion draw on 
the equinoaial Section E Q, the Lines C B, C F, CG, 
C N, C Qj then through B, F, G, N, Q^ draw Lines 
parallel to M C, or, which is the fame, perpendicular to 
the Equinoctial E Q, they will be fo many horary Lines 
from Six in the Morning to Eleven. 

Weftem Dial ^ muCn tne ^ aitte P roce ^ s we ma ^ nave 

the horary Lines on the Weft Surface ; nay, 

and if you draw firft your Eaft Dial on Paper, and oil it, 
tien view it on the Back-fide, it will reprefent to you the 
Weft Dial. Only the XI will be changed to I in the Af- 
ternoon, the X to II. and fo of the others. 

The Hours before Six in the Morning, and after Six in 
the Evening, are found by prolonging the Arch defcribed, 
and taking in the Continuation of the Arch, fo many 

times, 
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times 15 Degrees as the Sun gives Hours before Six in the 
Morning, or after Six in the Evening ; you will carry two 
Lines from C to the two Divisions D and E, and through 
thofe Diviiions fo many Parallels to M A C. 

Let us now fuppofe the Arch C P A S to be raifed or 
erected perpendicularly to the Plane of the Dial, the Cen- 
ter C to be erect, and A the Point of Contact on the Sec- 
tion E Q^ We will pierce that Center with an End of the 
Axis, or an Iron Rod parallel to M A C, the Shadow of 
this Axis turning round as a Plate, will be eight Hours in 
running over the Arch PAS. The Parallels which pais 
through the Diviiions ôf P A S, being prolonged fo far as. 
into the Se&km of the Equator EQ^on the Plane of the 
Dial, are the neceflary Interactions or diverfe Falls, which 
the Shadow, rolling under the Iron Axis oppofite to the 
Sun, will make. We have, made ufe of an Iron Axis, 
fixed at the End of the Style, in order to make Things 
more obvious. But an upright Style only will mark the 
Hour by the Shadow of its upper End ; or a thin Iron 
Plate will have the fame Effect with the Shadow of its up- 
per Edge. Only obferve, that the Supporter of the Axis, 
the upright Style, or the Parallelogram, rouft be of the 
Height A C, the Radius of the Equator, by which the 
whole Work is regulated* 

The Polar-dial, that is to fay, aDialwhofe p i ar- ai a L' 
Surface is parallel to the Axis, by prolonging 
its two Extremities towards the two Poles, and its facing 
the South, has likewife its Projects of Shadow in parallel 
Lines. It has no Center, becaufe the Axis does not.run 
through it; the Meridian falls directly upon it, and di* 
vides it by a ftraight Line, which is the meridian Line* 
If any thing be raifed in it to caft a shadow, it muft be 
in the Pkne of the Meridian, and fo as to caft into it, 
that very Inftant, the fhorteft Shadow, fince (by Prop* 71.), 
it is perpendicular to the Plane, the Sun palling directly 
over; after which, that Shadow will increafe more and 
more in Length, on each Side, in Proportion to its Obli- 
quity, . and will ceafe marking the Hour at Six in the 
Evening, to begin again after Six the next Morning ; be* 
caufe the Shadow, projected fix Hours before Mid-Day, 
or fix Hours after, is parallel to the Plane, and therefore 

meets. 
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meets it no foncer. Whether we make nib of an Axis pa* t ; 

Tallelto the Axis of the World, and place it horizontally ^ *' 
over the Point, and of an upright Style; or whether we ; \j 
ere£t a Plate in the Form of an Oblong ; or whether we 
make Choice only of an upright Style to oaft a Shadow 
with its Point; the Support of the Axis, or of thé Plate, 
or of die upright Style, muft be yet of the fame Height 
with the Radius ufed as above, to make the Division of 
the Hours on an equinoôial Iiïtçjfeâion, cutting perpen- 
dicularly the meridian Line -at the Ftaot of the Sty te An 
half Equator, drawn flat 0*1, die. Dial, withirve Divisions 
on each Side the meridian Line;- will give you all thé 
'Hours poïïsbieon the Dial, and point «tot to 'you wfcere- 
you are to draw the Lines parallel to «he Meridian. 

1 he Diils, which wehavehitherto**ea*ed 
lingular, or ^ ^ p^ and regular, fey waft» of &e 
D^ 8 mmg Exaandsof their jSfptfft towards ***»» 

Parts of tàeWorid. 'Tisthettgtfkr ftek- 
*fan of die Pkme fe> certain Ci»ctea of the Spkere, wtecH 
•helps <u» to the tVojtâaon «of the Shadows* imt if «he Sup» 
£^s where a Dial «ïeqtiiiid^ come^ftceto'decfoe, eat 
h to fay, deviate from the Exa&kude of thefe A^otfts;%t 
anakktg Angles with the Meridian, aoute <m one Side, ami 
obtufe on the other, the Rules vary «hen «ccondwig to their 
Petitions, which are many* Theie Rules have been *ery 
judicioufly explained by Clawus and Detbalks, and in the 
new Treatife on Dialling, fey M. de Pwràmtx and M. Ri» 
ward. All Cafes are therein properly fiated, and all Deli- 
neations, which occur in thole Cafes, are determined by 
trigonometrical Calculations. 

Having hitherto given you bat a very flight Sketch of 
the Method of Geometers, becaufe the Hiflory of the Rife 
of Arts and Sciences, and the firft Ufe the Genius of Man, 
.has made of it, confined me within thofe narrow Limits ; 
Ï ought not, Sir, topropofe to youatprefcnt, the making 
of Dials of all Sorts of Afpcc\s, by the Proportions of Sines» 
Tangents, and Secants. Yet as moft WaUs are irregularly 
Situated, built without any View of making them face this 
or that particular Part of the World, I have attended to 
fupply the Defect of Calculations, by a Machine, which 
includes abaca every Cafe. By the Description which I 

wait 



"*-f - . "* -*- :«?tl M • " ■« ■« *» 



..t 



■ ,^; 




/ 


x>* 


X 




-;-- i 


*s\ 


: - • 


i ' 



'i'V/ 



t ■ \-\v*y/ 



-/■l 






Of Dialling. 213 

' fWt gi*e. it» you will find a Cone executed by thelefs ikil- 
ful Carpenter*, under the Direction of two merrileû In- 
fpe£fcors, viz. the Rule and Compafs. It is a very fimple 
Imitation of the Projection of Light and Shadow from one 
Hour to another, and almoft all Sorts of Planes without 
Diitin&ioft. The We of this Machine is not only mecha- 
nical, but mathematical ; fince Movements measured and 
conceited are as geometrical* as. Lines calculated and pro* 
portioned. 

Aid to the Level N, which we made ufe of to find the 
meridian Line» the following Pieces : 

The Support S.mortifed into the fécond up- 
right Beam of the level Machine, is-tov be Horary Mt- 
joineoV by the Tenons. M, M, one which chin* i*i>7 # 
is_fecured by the upper Screw U S, the other 
is. trayerfed with tto lower Part: of the Level : At^the Foot . 
of the Supporter S (which* in; this Partis cut Hoping, and 
makes with the Horizon an Angle equal to the Elevation, 
of the Equator, here of 41 Degrees) is placed a Semi-circle 
parallel to the Equator, whiah is the Name we propofe to 
give it. This Equator is moveable on the Axis A, which 
runs through itin the. Centre, at right/ Angles» and may 
be tuned when wanted, then itopt again at Pieafure, at. 
the Foot of the* Supporter, by the two Screws W. This 
Equator is divided into 1 2 or 24 equal Parts, for 1 2 Hours, 
or 24^half Hours ; if we want any more, the. Equator, be- . 
ing moveable, .will furnilh them, by tranfpofing it. This 
Equator has been, notched of an equal Breadth, and Depth 
at the End of all the Divifions, 

The Axis A is, fattened ia the upper Part of the Support 
S, and .carries its- lower Part in the meridian Line, which. 
it neodT&ry in moib Dials. On this Axis rolls the Plate L, 
with its Arm and Tenon B, This Arm. turns and pre» 
fents its Tenon. to* each of the Notches of the Equator, 
that as- it turns- round, it may be catched into it, then-, 
come out», to be carried into the next Notch. 

ThetlateL is a Piece of Wood five Lines- thick, and* 
traveried by.faur.Groovesi two Lines and a half 'deep, two. 
of them parallel to the Axis P P, and the other two crop, 
ring, the Plate perpend iculariy. to the Ajôs.T T. 

R R 
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R R arefeveral Riglets of different Lengths, and of a 
Breadth exactly proportioned to the Grooves P P and T T, 
in which they are to Aide. 

Each Riglet has its Line of Proof, and is fharpened into 
a Point flattened on the Side, which fhaii flide on the Blade ; 
and having its laft Point on the Line of Proof, thefe Rig- 
lets may be in Wood four or five Lines thick, to prevent 
their warping ; thofe of Iron or Brafs would be much bet- 
ter. They are fattened on the Plate by means of a Nut 
andaScrew. 

The Arm B reprefents the Sun's Ray, or the enlightened 
Part of the Plane of any horary Circle. The Plate L con- 
trailing always to the oppofite of the Arm B, reprefents 
the fliadowed Part, or what is left of that horary Plane 
behind the Axis, When the Sun at B leaves a Point of the 
Equator, and proceeds i ç Degrees farther, the Shadow, or 
the Plate ('tis the fame Thing) will make a Motion of 15 
Degrees tie contrary Way. 

If this Plate, or moveable Shadow, was prolonged as far 
as on the Plane or Wall which faces it, it would cut its 
Surface in a right Line ; and if we had only two Points of 
that Interfe&ion, we would have the whole Line (by 
Prop. 7.) Now, our Riglets gliding at Pleafure through 
the parallel and tranfverle Grooves of this Plate, they pro*- 
long it ; they carry two Points that may be mark'd where 
they arrive. But if yoa have two Points of an Interferon, 
you may join them by a right Line ; and thus you have 
the whole Interferon. As the Arm B imitates the regu- 
lar Shiftings of the Sun, from 15 to 15 Degrees on the 
Equator, or on a Circle parallel to it, fo your Plate, your 
Shadow, moves with the fame Regularity: The Riglets 
prolong. each Projection of the Shadow on every Plane, by 
extending either downwards, or upwards, or fide ways; 
the two Points you gain are equivalent to a Line of Inter- 
feron, and as they give you two Points of all the Falls of 
the Shadow, you have confequently the Interférions of 
the Planes of all the horary Circles. You muft take the 
Riglets fhorter or longer, according to the Diflance of the 
Wall. < 

The Machine moves regularly, . like the Sun, from, r$ 
to 15 Degrees, or from Seven and an Half, to Seven and 

an 
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an Half. When the Arm that reprefènts the Sun moves 
on the Eaft Divifions of the Equator, the Shadow extends 
iufelf exactly in a right Line towards the Weft; otherwife 
it is quite the contrary. Laftly, as the Action of the Sun 
is invariable, and independent of the Caprice of the Af- 
pects that are prefented to him, the Action of the horary 
Machine is equally the fame, and carries Shadows exactly 
placed on any Plane. The Difference you will find be- 
t *een the natural Projection of the Shadow, and the arti- 
ficial March of your moveable Plate, is, that you are ig- 
norant of the precife Quantity of the ProgrefTes of natural 
Shadows : whereas, knowing here, exactly the March of 
your Sun B, you know likewife the 15 or the 7 Degrees 
! your Plate has over-run. Join the two Points of the Sha- 
, ^ dow of each Progrefs, and you will not only have the Hours 
I and the half Hours, which you fearch, but an Exact Know- 
I ledge of the whole Operation. 

! This will rectify, by a fhort Induction, the different 

I Planes to which we are going to apply our Machine. 

We need no Apparatus, or Machine, to trace either a 

j fuperior, or an inferior Equinoctial, both are no more than 

' the Divifion of a Circle into 24 equal Parts, with an Axis, 

which pierces at right Angles the Circle, inclined as the 

Equator. 

To trace an horizontal Dial, place the Level and the 
Axis A well fattened on the meridian Line; the Riglets 
1 being brought downward through the Grooves P P, the 

Points traced by them on the Right and the Left of the 
South, will imitate all the Shiftings of the moveable Plate, 
and will depart from the Axis, which will thus become 
the Center of the Dial. You have no need of Searching 
an equinoctial Line, the Shadow becoming perpendicular 
on both Sides the meridian Line, will be the Line of Six. 
To have the 16 Hours of the longer Days, loofen your 
Equator from under the Screw W, fo that you may nave 
eight Notches on each Side of the meridian Line, where 
the Tenon B may lodge ; you have confequently your fix- 
teen Hours. 

If the Plane be vertical, either jmeridional, or declining 
on either Side ; place the Level, the Pins 1 c, 2 c, and the 
Axis A upon your horizontal meridian Line, bring the 

Plate 
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Plate In fuch a manner as to be an. Extension of the men* 
dian Line» by flopping the Ann fi in 12, theRigJets Aid- 
ing flill parallel to the Axis; but in afcending they will 
reach the Wall, and there trace out the meridian Line, 
and afterwards all the other Interférions that can poffihly 
be on that Plane. If the Plane cuts, the Meridian at right 
Angles, theRiglets will give you four Points, which will . 
form a Line of ten Hours, a Perpendicular to the Meridi* 
an : But if the Wall, for Inftance, fhould decline from thé . 
true South to the Eàft, the Axis of die horary Machine» . 
when fet before it, and prolonged by a Rule, or String, 
will fhew the Point where the iron Axis is to be drove in- 
to the Wall, which is the Point where all the Hour-lines . 
meet. However, without fearching thus, what follows 
will, give it you. The moveable Plate, left to itfelf, will 
fall towards the End of the meridian Line on the Scaffold, 
and- with its two Riglets, upwards or tranfverfally, will , 
point out on the Wall the true meridian Line of the Place, 
which falls perpendicularly from the Zenith to the Ho- 
rizon. » 

The Arm B, carried towards One or Eleven, and fuo- 
ceflively, on the reft of the Hours, will caufe the Plate to 
move in a contrary Direction, and the Sliders, whether - 
prolonged or fhortened, according to the Situation of the . 
Wall, will leave, everywhere, two Points of each Horary 
cut. As the moveable Plate has its Center in the Axis, all 
the Hour-lines will meet in the fame Point of the. meri- 
dian Line, and fo dire& you where the Axis ought to be 
drove into the Wall. In order to keep this Axis Heady 
in its Pofitipn,. parallel to the Axis of the Earth, you mult . 
drive a. Rod perpendicularly into the Wall, to keep that. 
Axis in its Paralleliim with the Axis of the World; we*.. 
give it a Support called Style, and which maybe fixed up*- • 
right in the Line which reprefents the Interie&ion of. the. 
vertical Circle, proper to the Dial. This Dial, in Fa&, . 
may be confie! ered: as an Horizon, different from ours, . 
when, the moveable Plate will be found betwixt the -Plane 
of the Dial and the Axis, over againil the Point of the , 
Heavens which ; i&. vertical for our: Dial, the Line which 
the Riglets, guided by T T, are to.give you, the», wilL 
be the SuWtylac,, where the Supputai" the Axis ihojdcUbe 

placed* 
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plated, Tfci* Line, «a you fee, is the ttHe Meridian Une 
t>£ the Plane of the ©kl, which differ» from thai of the*- 
Place» whefithé Dial declines* Bat the Axis hiring rightly 
placed, and your lines truly drawn, the Knowledge of the 

1 &abftylar-H»e is of very little Ufe< 

It may po&bly appear fomewhat larprMng at 4rr*ft, that 1 
the Hoar-fine of Six, which in the South -dial without D<S' 
clinatkm, makes a right Angle with die meridian Line» 
ftould, hi the JDact*«rng-dial, make an acute' Angle with 
the* fame IWtertdBan-: the horary Madhine helps as to dit' 
Teover the Reafon of it. When the Plane fronts the South, - 
She Sliders a&end ttirough P P» in aparalkl Pofi tion to-the» 

; Axis, as high as the Axis in the Wall» where they trace'' 

a, Line perpendicular to the meridian Line, and crois the* 
Center they ateet with; but if the Wall draws nearer the^ 

j Side of the Axis, and farther» from the other Side, Ho- 

wards the Baft or Weft, the Riglets which follow the In- 
cHttation of the Axis» meet the Side which draws nearefl* 
the Axis, before they are extended as far as the Sideof the 
Centre ; and as the infide Riglet, by notrffmg fo high, is 

I tdyeady fliorte* than the Axis» the Outfide is fhorter ftill. 

i The Line therefore that is drawn obliquely through' theft 1 

two Poinds to the Center, will make 1 an acute Angle both' 
with the Axis and with the meridian Line. At theft An- 
gles vary» like the Declination, they require fo many Cal- 

j dilation?, as we find new Declinations. The Motions of 

this horary Machiné are as uniform as thofe of a natural 
Sphere. Whatever Deelinàtion happens, thefe Riglets 
iix the Differences from one Situation to anbtfcer. 

N» Difficulty attends the Polar dial and Parallel to the 
Axis. The perpendicular Fall of the moveable Plate gives 

Ski the meridian Line, and the Place for the Style. The 
rftance from die Axis to the Plane of the Dial, fixes the 
Height of the Style. The Plate that moves round, both 
Ways, together avith the Riglets, more or lefs prolonged, 
through the tranfverfal Grooves TT, point out the Hour- 
lines parallel to the meridian Line, where the Shadow ar- 
rives every Hour, from Six in the Morning, to Six in thé 
Evening ; and this Dial being formed in Imitation of their* 
Horizon, who live under the Equator, the Sun, after 
Twelve, will pafs under the Horizon, and tie Dial will 
mark no longer. 

Vol. V, X The* 
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There is the fame Facility in the Execution of a Dial- 
«quite Eaftern or Weftern. The Plate in a perpendicular , 
Direction to a Plane of that Aspect, point» out the Hour 
§ix, and the Place <>f the Style. The Diftance of the Axis 
that carries the Plate, and of the Plane, which it refis up- 
on vertically, is the Height of the Style. The &me Plate 
indicates new Lines parallel to the Line of Six, in Propor- 
tion as the Sun ftiifts from a horary Circle to another. 
• If the inferior equinoctial Dial, which Serves as a Mo- 
del for the fuperior ; if the horizontal aod vertical, the 
inclined, and all the Declining?, which require much Pre- 
caution, and fo many Calculations ; it the Eaflern, Weft- 
ern, and Polar, which have Forms fo different from the 
others ; if mod of the Dials in Ufe, be formed under the 
horary Machine, in the fame Diftribution, and under the 
fame Form, they receive from the Rules of Dialling, 
founded on die Correfpondence of Shadows, to theSitua- 
tions of the Sun, in the Sphere, it is a Proof, that the 
Machine represents right the Circles of the Sphere, and 
the Proje&ion of the Shadows. 

Portable Dials are included in the Notion* of fome one 
or other of thofe we have already defer i bed. The Ring- 
<lial, however, whkh is looked upon as preferable to all 
the reft, is made in a very particular Manner. 

It is compofed of two concentric Circles 
I ing DiaJ. of Silver, or Brafs. The outer is the Meri- 

dian of our Horizon ; the inner is the Equi- 
ÀoftiaL The latter, in order to reprefent the Equator, is 
made moveable upon two Pivots, whereby it is faftened to 
the Meridian^ fo as to be capable to traverie it at right 
Angles ; and when it is brought to that Situation, it meets 
with two Supporters, which prop it, and prevent its going 
further. When it is brought back to its Reft, it falls into 
two Notches, cut in the Axis, on Purpofe for its Reception. 
If we want to keep that Equator at the Elevation proper 
ior each Horizon, the Meridian muft be fufpended by a 
Circle, or Ring, which is brought to the Latitude of the * 
Place on that Meridian ; for if the Ring of Sufpeniion runs 
on the Meridian divided into Degrees, at the Diftance of . 
49 Degrees from the Equator, that Ring is at our Zenith: 
therefore from the Ring to the Pcle, there will remain but 
41 Degrees, force the Pole is at 90 Degrees, from the Eq ua~ 

tor; 
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Ust : confequently the Equator of this Machine will be then 
at 41 Degrees of Elevation on the Horizon; and the Point 
of the Pole at 49. Thefe four Arches together exhauft the 
180 Degrees of the Horizon, and the Diftance of the Pole 
is always like the Diftance from the Zenith to the Equa- 
tor. The Ring, to facilitate all the Difplacings wanted 
lor every Horizon,- finks a double fattening in a Groove» 
Which reaches along on the two Faces of the Meridian. 
The Piece of Sufpenfion runs thus, at Pleafure, as far as 
under the northern Pole; and, like the northern or fouth- 
ern Latitude, regulating the Pofition of the neighbouring 
Pole, it renders the Ring-dial one univerfal Initrument. 
The two Poles are repreiented by two Pivots fattened to 
the Meridian- circle, or to the two Notches, into which 
theEquinoftial-circleis lowered, Thefe two Poles, or Pivots, 
repreienting the Poles of the World, fupport a Bridge, 
which play in them by its Extremities, andcroûes diame- 
trically the Equator, brought to hrs Place to aft its Part; 
for the Equator is of no Ufe, when folded in its Box, where 
it becomes concentric to the Meridian. 

The Axis is reprefented by a long and narrow Aperture, 
which riggles along the Middle of the Bridge. The Ufe 
made of this Aperture is, to lodge in it a fmall Piece of 
Metal, which moves, with a Hole through, called Curfor, 
and which running back wards and forwards under the Sain, 
according to the various Declinations where it arrives, from 
one Day to another, is found exactly between the Planet, 
. and a Point oppofite on the inner Edge of the Equinoctial ; 
whence it follows, that the Sun, the Curfor, and the Point 
oppofite in the Equator of the Ring-dial, being on the 
fame Line, that Point of the Equator muft neceflarily be 
enlightened through the Shadow which becomes it. 

Tp diced the Peribn who makes Ufe of the Ring dial, 
let a Circle be<lrawn upon Paper, equal in Diameter to the 
Aperture, which one judges proper to give to the Bridge; 
the Length of that Aperture is equal to our Arch of the 
Meridian of ±y Degrees, to take in ail the Declinations of 
the Sun ; ana the Circle drawn, which has that Aperture 
for a Diamater, reprefents the Ecliptic with its twelve 
Houfes. That Circle, therefore, is divided into twelve 
equal Parts, the Points thereof are joined two and two by 
parallel lines, whkh make Spaces, narrower towards the 
L 2 Tropic*, 
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Tropics» and wider towards the Equinoxes, a» in Fjg* l*> 
^ach of the fix divifxons, which ferve for twelve Mpntji%. 
are divided afterwards into three Times 10 Days, or iota, 
fix Times five, to fait, as near as poffible, the Pofitkm o£ 
the Curfor, tothea&ual Declination. All thefe Meafure* 
are carefully transferred, on the two Edges of the Bridge* 
When this Infiniment is intended for Ufê, the Curfor it,. 
put to the Day of die Month, and the. SufpenfKu* to they 
Latitude of the Place: we turn, afterwards» the flat Side 
of the Bridge, towards the Sun, and his Rays fall exactly, 
on die Edge of the Equator, except in the Days of the- 
Equinoxes, when the Sun turning round the brafs Equator* 
<3s he does round the celeflâal, can only caû the Shadow of 
the upper Edge, on that oppofite. to it. The Hour of i z- 
at Noon muft alfo be excepted; because the. Sun, minings 
then on the. brafs Meridian, throws the Shadow thereof 
upon the oppofite Edge, \khere,the Hour of 12 is marked-. 
One may know,, however, tii-at it is Mid-day, by tiie.Dial. 
having no radk nt Point at all. 

Thofe who examine this Infiniment with Attention, nil! 
fay, perhaps, that the Sun being in the Equino&ial (in 
R Fig. 8.) is inclinable toihoot its Ray through the Center 
N, upon the opposite Edge P- But if the Sun decline* 
from the Equator, the next Day, their Radiation ought 
alfo to remove from it. Let us transfer the Sun to S, ia. 
its greatefl northern Declination, it will call its Ray to tb$- 
Center N, and confequendy, to 23 Degree* andanhajf 
beyond the Equator ; but by no Means to its Edge P ; we, 
(hall not therefore have on it the bright Spot required., 
You placed the Curfor on the Bridge in I, for the 21ft of 
June^ What will follow ? If you join with a Thread, the 
Declination S, the Point of the Curfor h and the Fall of/ 
the luminous Point. P, with the Edge of the Equator; your 
Thread will be bent at the Curfor, and you will have a< 
Curve line. How then fhall your Point come to the Place, 
where you e> f e& it? And yet it will come there, 

This feeming Oddnefs. diicovers the Capacity of the In- 
ventor; his Why of Reafoning w^$ this. Let feveral Braft 
Meridians (armed from one Side to the other with a Plate, 
pierced in the Center, and crofs at Rightangles an Equa- 
tor placed on the Merhian) be expoiêd to die Sun, at di- 
vers diftent Parts of the Town; fuel} a^e the Circle P, A 

RE, 
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fcTÏ, arid "tire other great Circle it contains. When, the 
Sun isat the north Declination of 23 \ Degrees, its Ray, 
in all thefe Inftruments, will pals from S to N, and will 
go on the other Side at 23 \ Degrees from the Equator, 
if we expofe the moveable Plate to the Sun, in Proportion; 
as it deferibes another Parallel, more orlefs declining from 
the Equator, the End of its Ray will "defcribe a like Paral- 
lel at the other Side of the,Equator. The Reaibn, why in 
théfê înftruments fo cïiftant from each other, the Effects- 
are the fame, is, becaufe the Circles of all thefe Inftru- 
iments being reflectively parallel among themfelves, and 
parallel to the Circles in the Heavens, the Sun's Rays fall 
exactly at the fame Day, on the fame Degrees, and all 
thefè Rays are fo parallel to each other, that they may be 
confidered as one and the fame Ray,, or rather, a Mais of 
light compofed of parallel Threads, ft* therefore, under 
the Diameter H E, of my Meridian PHRE, as under a 
Tangent, I imagine, or defcribe a new. Sphere, another 
Meridian of the fame Radius as the preceding one, the. 
Sun will as naturally dart its Ray> the 2 1 ft of June t oa 
tire 23 \ Degrees of Decimation through the Center of this, 
fécond Sphere, as he does 'on the feveral other Spheres a- 
bove-mentioned. This berna fettled, let the Arch of 47 
Degrees of S M, be laid on the PJane of the former, we> 
may judge of all the Decimations by the two far&ermoft 
towards the North S, and the fouthern Part M. On th£ 
«d of DecemBer, as the Sun glides through in N, 1 he will 

§Kde, Hkewife, through M P; becaufe P is the Center of 
Mj as N is the Center of s m : and on the 2 ift of June t 
as his Raj lay along s N, he will lay another parallel 
Thread of Light along S P. Let us change the Diameter, 
br the Tangent H E, into a long moveable Plate, which is 
ffit to receive a Curfor, which may Aide along a Diftribu» 
tion of the Days of the Year, marked on the Edge of the 
"Slit. < I have already two Points in the Line of the Sim's 
Ray in this Sphere for the 21ft of June, that is, the Point 
t)f the Declination S, and the Center P. Let us bring the 
Curfor upon the feme Tangent-line in I, it will be found 
between the Center P, and a fourth Point, which is the 
Sun. The Curfor, therefore, put that Day at I, willfuf- 
fice to enlighten the central ï*oint of the Sphere S M, ap- 
plied to tire Sphere PHRE.- Therefore, I mall have the 
L 3 fame 
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fame Effect the tzd of December ; for theCurfor being put 
at D, will difcover to the Sun, the central Point P. 

If, inftead of a Portion of an imaginary Sphere, o* de- 
feribed only in the Plane of P H R E, I ftiould fallen to the 
moveable Plate HE, a brafs Sector S M P, and move the 
Plate fo as to be always oppofite to the Sun's rolling from 
1 5 to 1 5 Degrees on fome Circle, parallel to the Equator, 
the Sector fo fattened to the Plate would move with it; 
and as P is both the Vertex of the Trigon, and the Cen- 
ter of the Sphere S M, and together of the fame Radius 
as the Sphere P H R E, and the Equator contained in it i 
the Plate moving, the Sector, and the Center P will move 
likewife as the Sun moves, from 15 to 15 Degrees, from 
a horary Circle to a horary Circle, without forfaking the 
Edge of the Equator : confequently the Sun, in any Decli- 
nation, will have a Propenfity towards directing its. Ray to 
P; and will direct it, in ,Fact, if the Curfbr is rightly 
placed to give it Pafiage. So that independently of the 
Sun's Pofition in the Meridian PHRE, it will keep its 
Parallelifm in the Sphere S M : It will always touch, and 
infallibly meet the Centre on the Equinoctial, where the 
Sector carries its Vertex; and though we ihottld, after- 
wards, take away the brafs Sector; nay, though it had 
neyer been drawn, the Curfbr well placed on the Marks of 
the Bridge gives you, with the Sun's, two Points, tending 
in a right Line towards another Point, correfponding to 
them in the little Equator; every Day, therefore, and 
every Hour, when the Sun is on the Horion, he will caft 
a luminous Spot on the Degrees of the Equator, relative 
to that of the horary Circle, where the Sun is found* 
Thus the Effect of the King-dial is demonftrated. 

The Jfirolabe fliould naturally follow the Infiniment* 
afore-mentioned, and ilill better, On Account of the great 
Number of its Ufes, which ferves to ftiew with what Sue- 
eels Man knows how to apply Geometry to the Determi- 
nation of the Hours, Days, Declinations, Altitudes, and 
Méafures of aU Sort of Diftances, taken either on die Earth, 
or in the Heavens ; but what I have prepared on that Sub- 
ject is fo prolix, as to make me tremble for you ; there- 
fore I have fuppreffed it. If at any Time the Beauty of 
the Matter invite you to fludy it with fome Application» 
you may have Rccourfe to what M. Dion has wrote on that 

Subject. 
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. Sobjelb It is nowabove two hundred Years ago that Sft- 
fierin taught us, with the greateft Accuracy» the Manner 
of making an Aftroiabe, and of ufing it. His Stile is pro- 
lix, and fmeiis of the Simplicity of a Workman, but of 
an excellent one. 
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LE T us continue to run oyer the other Pradices of the 
human Sciences, which inftead of amufing us with 
out-of-the-way, tranfient Speculations, render, on the con- 
trary, thofe Sciences ufeful to. us, and enrich our' Mind 
c with permanent Realities. Nothing of that Kind is moî e 
% valuable than the Machines and the Dire&ion of the mov- 
ing Powers, which bring under Man's Laws all jthe Pro- 
ductions of the Earth, and make of him a true Image of 
the Creator. 

Tho' We raife him to fo honourable a Parallel, drawn 
t from the Scripture and Experience, we do not-ltftè Sight 
of his natural Weaknefs : he has but a fmall Share of 
. Strength : he can carry a light Burden, drag along a Body 
of a moderate Weight, or pufh a little Mafs tô, a fhoxt 
Diilance : but all thofe Effeôs are confined within vejy, 
. narrow Limits, and, in Reality, very inferior td th« Ex- 
tent of his Neceffities ; but it is even his own Weaknefs, 
that renders his Indufby more confpicuous. The fttpreme 
Wifdom, by creating him ib little and fo weak, had, in 
. all Appearance, no other. Intension, than to render him 
active and induftrious- Seniible of his Indigence, he turns 
himfelf every Way; lie calls to. his Succour Force againil 
Force, Velocity againft Gravity, and Gravity agajnft Velo- 
city, one Shock, in ihort, againil another. By the Aifift* 
ance of Mechanics, this little Being, not above five or fix 
Feet high, with two Arms only, will difpatch as mucU 
\ L 4 Work, 
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Work, a* a <jiant, v whom one would imagine to have 1* 
Thoufaad. The large and mafly Bodies, with which Na- 
ture abounds, would féem every Moment almoll to drive 
him to Pefpair. What will become of htm when angr 
violent Tempefl arifes ? How will he crois rapuLatuLdesg» 
Waters that obftruct his Paflage ? By the Power of Me- 
chanics, he keeps Nature ia Subjection, the Winds are futv- 
fêrvient to his Direction, and convey him at Pleafure be- 
yond the Seas; he erects fuch Edifices, as will ferve from. 
one Age to another; he throws fuch a * Bridge ove. the 
Rbcne, that his Pofterity looks on it with Admiration, and 
afcribes it to no lefs a Power than that of the Holy Ghofh 
Take Mechanics away from Man, " and you render nik 
Thoughts barren. AU that is moil beautiful upon Earth» 
is owing to Che Mechanics. The mod common Machines» 
made uie of to fupply his Want of Strength, are the Le- 
vers, the Beam, or Balance, with equal or unequal Arms $ 
Pulleys, fimple or compounded $ the fixed or •taoveahl» 
Pulleys; the Ax)e-4ree, and all Capftanes ; the Crane, and 
Calendar: the dented Wheel, the Screw, the Wedge, and 
Mills of all Kinds. Thefe foil Machines, and ma»y others, 
brought to a Manner of Acting common to them all, are 
reduced to the Lever only, the Idea whereof is very fimple. 

The foil that undertook to remove a Pil# 

The Lever.' of felled Trees, a Stone of any large Bulk, 

finding no Proportion between the Strength 

of his Arm, and the Refinance of the Mafs before him, 

thought of fliding underneath a ftrong Bar, and of placing 

under that Lever a Prop, at fome Dilance from the frifer- 

tk«a. Thus fce made of it a Swipe, divided into tw«© Farts* ; 

• one fhorter, taking it from the Mafs to be lifted up to the 

Prop, the other longer ; that Length taken from above the 

Block to the outer Extremity of the Lever. He fufpected 

that the Weight of h*$ Body, at the upper End of this Bar» 

' would bring it down, and by that Means, the other End 

) would lift up the Tree a little. And accordingly he foe* 

ceeded in this firft Attempt, which gave him an Infight 

3*4 Encouragement for future Trials ; after this, he let 

*he Tree fall, put the Block nearer, and having thereby 

lengthened the Fore End of his Lever, without growing 

*.Cailc4 tbt Paat St. Bfpit, 

ftrongejr 
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Wronger himfel£ he gained a ftill greater Advantage than 
before. He exerted a Power that was not m him. He 
difcovered afterwards, by feveral Trials, that the longer 
the Lever was between the Prop and the Agent, the Tcfs 
Strength was required in the Agent to pull it down. Thus, v 
by Degrees, He became capable of moving very ponderous 
andfolid Bodies, and of turning, at leaft, topfy-turvy, what 
he could not carry away. He made it, therefore, roll be- 
fore him, from one Place to another; at laft, he became 
fo expert in that Art, that he cut Columns in the remoteft 
Pwts of Africa, and raifed them afterwards at Memphis, or 

Not contented witji conquering, he learnt how to im- 
prove his Advantages, and make ufe of his Victory. Let 
ns coniider his Succefs by Means of a Figure; now com- 
paring the inequal Lengths of the Lever in the various 
Shiftings of the *ilock a ; then changing Levers, without 
difplacing the Prop, and fupplying fometimes the Place of 
his Hand by a Weight, fufpended at the End 
of the Lever b: he found by Experience» £! a - e Iv * 
that in all thefe Cafes, the Difadvantage *' *' 
which he met with, fronv the Increase of the refïft'ng Pow* 
er d, was fufficienrly compensated by the Incfeafe of the 
Length of the anterior Arm b, over the (horter c. He 
perceived likewife, that when the long Arm b, which he 
grafped, was in the fame Proportion with regard to the 
fhoiter c, as the Reliftance d was with regerd to the Agent 
b, there was always an Equilibrium. Happy Remark t 
the true Source of Light and Profit, which llrengthened 
his Hand, by a ilngle lengthening of a Pole, and facilita-* 
ted the_Difcovery of ftiii more ufeful Machines. To pro- 
cure the defired Effect, in an infallible and regular Man- 
ner, hs divided a Rod very ftraight and fmooth, or an Iron 
Beam, conceiving that the Lever would always produce 
the fame Motions, whether it was fupported by a Fulcrum, 
or Prop at Reft, or fufpended with a Cord, or Hook; he 
placed the fixed Poiht, or the Point of Suipenfion, between 
the End of the firft Diviiion and the Beginning of the Se- 
cond $ fo that the fhorter Arm of the Lever had but one of 
the ten Parts, and the longer, nine. To place them in; 
Equiiibrio, according to the Proportion obferved, he hung, 
atiheJSndof the (horteft Arm, a confiderable Weight, > 
L 5 fuppcfc 
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fuppofe 1 8 Pounds, and inftead of fix Pounds, which- ft 
one Third of the Height above, on the feveral Divifionâ; 
of the other Arm, and in moving the Weight backwards 
and forwards, he perceived that the fix Pounds Weight 
was in Equilibrio with the 1 8 Pounds, when it was flop- 
ped at the third Point. Then, inftead of his Hand, the 
full Strength of which he could not as yet exa&ry eftimate, 
he made a fix Pounds Weight, which is* a Third of the 
preceding, run over the different Points of the other Arm ; 
and perceived thereby, that the fix Pounds Weight was in? 
Equilibrio with the 1 8, when flopped on the third Point, 
confidering as nothing that Part of the Arm beyond the 
Pomt 3, he concluded that there would always bean Equi- 
librium between the fix Pounds Weight, and that of i8„ 
if the long Arm was from the Weight to the Prop, only 
three times the Length of the fhorter that carries the 1 8 
Pounds Weight. From hence he clearly perceived, that 
the Weights were in an inverfe Ratio of the Diftances, or 
. that when the Diftance. from: the little Weight to the Point 
of Surpenfion exceeded the Diftance from the greater 
Weight to the Fulcrum, as much as the greater Weight 
exceeded the leifer, there was arr Equilibrium :. fou as 18 
Pounds are the Triple of Six, likewiie thsee Feet Biftance. 
is the Triple of onç ; and the leflêr Power recovers its Dis- 
advantage, with refpeft to the greater, in the fame Pro- 
portion as its Diftance from the Prop or Fulcrum exceeds 
the Diftance of the greater. To ftrengthen that Know- 
ledge, our Obferver removed the fix Pounds Weight* flip- 
ped on one of three, on the fame Arm, and found it in 
Equilibrio with that of 18, when it arrived towards the: 
Divifion b ; a new Proof of the inverfe Proportion : for„ 
as the Arm of one Foot, which carried 1 8 Pounds, was- 
but the fixth Part of that of fix Feet; reciprocally, three 
Pounds, carried by the latter, were but a fixth Part of the 
i8 Pounds which were fufpended at the fhorter Arm. 

At laft, upon trying tQ put different fmall Weights at 
the End of the Rod, at the Point more diftant from the 
Toint of Sufpenfion than was the 18 Pounds Weight, he 
found he could not have the Equilibrium, but by placing 
upon it a two Pounds Weight; becaufe, as the Arm that 
carries the great Weight is but the ninth Part of nine Feet, 
likewiiè the two Pounds Weight is but the ninth Part of 
I* Pounds. T ht 
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- The Obfenrcr cafily perceived, that the nine Parts of 
the Iron Beam, compared with the fingle Part of the ihort- 
er Arm, had an iitfrinfick Weight, a Quantity of Matter, 
which ought to be taken into the Account, and was a final! 
Obftacle to the Corre&neû of its Proportion, not in the 
Principle, but in the Application. The Lever, in its Prin- 
ciple, is a Line of no Thicknefs; in the Execution, 'tis 
really a folid Mafs. He conceived alfo, that the Divifionp 
might not be perfectly equal ; that the Matter of the Le T 
ver might be unequal in Weight from one Divifion to ano- 
ther; that there might happen fome Obftacle, or even Dis- 
order in the EfFecl it mould produce; fometimes by the 
Frictions of the Lever on the Prop or Suipenfion: iomej- 
times by the Impreffions of the Air, which might dry up 
a long Rod, without affec"Ung the more knotty Part; or, 
fometimes, by other Caufes, againft which he taught he 
ihould caution himfelf. He learnt, by Degrees, either to 
prevent or correct them, in fuch a Manner, as ta pouefs 
entirely, or almoft entirely, the advantageous Proportion 
which, with a flight Strength, fubmitted to him a great 
ReMance, tt 

It was a great Satisfaction for oar mil Jrchbnedis, .tfrat 
he could fay to himielf, As I am Mailer of dividing a Le- 
ver into two unequal Parts, the longeft of which mall be 
to the ihorteft as one Hundred is to One; it is as much in 
my Power to hang one Pound Weight at the longer Arm 
of my Lever, and a hundredPounds Weight at the fhorter, 
.Thereby I place them on a Level, I bring them to an e- 
qual Product ; a hundred Pounds multiplied by one Foot, 
being the fame Total, as a handed Feet multiplied by 
one Pound. By Means of this Medium, I am; fure, thaXv 
one hundred Pounds will not over-ponderate one, and thai 
with two Pounds, I will move two hundred Weight; with 
ten Pounds I will counter-balance a thoufand ; and if to 
the Counterpoife of ten Pounds, hanged on the longer 
Arm, I add only one Ounce, or the Impulfion ofthe Hand 
of a Chiid, k that little Hand, that could fcarce lift a Pound 
Weight, will lift up a Thoufand, with as much Eafc, as 
he would his Coral to his Mouth. But we will leave here 
the Marvellous, laid he, and think at prefent of Profit, 
If the Length of the Lever cumbers me, I can ihocten -it> 
and apply to it a greater Force, Inftead of a Weight," I 
L 6 w$ 
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will put my Hand to it. ïnftèad of my Hand, that may 
•fee of Service tlfe where, I will apply the Strength of a& 
Cx, or a Horfe; arid I will then not only more a hundred 
"Weight, bat a thoufand* or à Milium. Who knows bat 
in Procefs of Time, the Force of a running Stream may be^ 
applied to this Lever, or even the Action of the Wind, or 
any other Power in Nature : and it is not fo much a great 
Strength, that is at present to be fought after, as the wife 
Application of a moderate Power. 

If this Principle, once difàovered, be as true as *tis-com> 
modious, I muft find it every where the fame, notwith- 
ftanding the infinite Diversity of Things to which it may 
be applied. Let us fee if it anfwers as well in very difie> 
tent Calés. 

Let us hang up a Lever, whofe longer 
Fig. 3. Arm be only double the fhorter, in theRa* 

tio, as it were, of 2 to 1 , of two Feet againft 
one Foot. The Ratio of Strength to Strength being irr- 
wrfe of the Diftance to the Diftance, my Hand applied to 
the End of the longer Lever muft make, in an inverfe Ra- 
tio, againft the refilling Weight, an Effort of one to two-, 
^ince the Diftance to the Diftance is here as 2 to r. My 
Hand, therefore, will* make an Effort of two Pounds a- 
gainfï a Weight of four, and of 20 Pounds againft a Weight 
of 4.0. Applied, on the contrary, to the fhorter Arm of 
the Lever, it will a& to a Difadvantage, and will ufc the 
Force^f 4oTounds againft 20 Pounds Weight. 

Let us now change our Proportion ; and 
• Fig. 4, « - give ten Feet to theTonger Arm, and two to 
1 • .the fhorter; ttyo is the fifth Part of 10 j fb 
«put tlfe Weights in an inverfe Proportion, we will hang, 
for Inftance,. three Pounds to the longer Arm and 15 to » 
the fhorter; three being the fifth Part of 1 e, as two Feet 
are the #fth Part of lo. 1 hus you have the Equilibrium : 
It will be the fame of ten Pounds in the greatcft Diftance, 
and thirty in the leffer. But let us grant here fomething 
to our own Conjectures ; and fuppofe, that the 15 Pounds 
Weight muff over-balance the thee- Pounds, notwithftand- 
ing the Excels of the Diftance of three Pounds from th© 
■Fulcrum or Prop. Let us even make a Suppofition there- 
of, for we will give it up if Occafkn require; and per* 
baps,- by proving the Rule a-new, we will fmd'the.Reafon 
•I'that Rule. Th« 
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- The two Arma of the. Lever playing upon the Fukranfc 
defcribe Part of a Circle ; the (hotteft the little Arch av 
the longer the Arch five times bigger b. For if the i ç 
Pounds Weight defends one Foot, the three Pound* 
Weighty being five times more difiant from the Support, 
will move five times the Space, and rife five Feet. Now 
'tis evident, that the three Pounds Weight a&s with tile 
Power of three Pounds, at et «y Point of the A*ch k raffs 
through : The A&ica is the fame every where ; to that 
the 15 Pounds Weight meets with the fame Refinance, as 
if a three Fonads Weight was at every Point of die great 
Arch. The iç Pounds Weight likewise a&s with the 
Power of 1 5 Pounds, at every Point of the Arch it de- 
scribes ; bat the Arch traced by the lefifer Weight, is- fare 
tiroes larger than that which the greater Weight run* «hro* 
ia the lame Time, and. if the 15 Pounds- Weight move: 
through one or two Points, the three Pounds Weight will 
move fafter five to ose, and ten to two ; they are therefore 
ia Equikbrio; for the Aâfcn of 15 Pounds? repeated a 
hundred times, or applied to 100 Point?, is ffte ferate 
Thing, as- the Aâion of three Pounds repeated 500 times", 
or applied to 590 Points. Thus, whiift the 1 5 Pounds are 
moving through two Points only, and ad with a Power 
-equal to twice 15 Pounds, or the Sum of thirty, the threte 
Pounds will run through ten Points, and a& with a Force 
proportionable to ten times, three Pounds, which is equal 
to thirty. The Re&itance, therefore, that the great 
Weight meets with in. defcribing each Point of ks Arch, 
is the fame, as if it lifted at once five {olid Bodies of three 
Pounds each, i.#. a Weight of 15. Pounds. But as thé 
great Weight, i« traverfiug one Point, carittot force the 
lender to traverfe more than five $ theleâèr, which defcribes 
five, cannot force the greater to traverfe more than one* 
They keep each other in that Procefs,the one cannot over- 
balance the other ; and thus the Suppofition made, that 
the greater would over-power vhe lerîèr, is found to be 
falfe. They are two different Powers, which are become 
equal ; and, by a flight Tmpuliion, we may, at Pleafure, 
caule'one or other- to give way*. 'Tis no difficult Matter 
for a Man to put 30C0 Pounds on one Side, and 1 5 coo on 
the other ; and when he has fo done, he may elevate or 
deprefe the 15000 Pounds by die Tip of his Finger only; 

and 
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and if from the Sum of the Forces it requires or over ba» 
lances» we fubftraCt what it has left, we (hail find. that he 

fains 4 for i , 1 2000 for 3000; he may increafe his Gain, 
owe ver, without augmenting the Expence, or Power $, 
lor it fuffices to move it farther from the Fulcrum. If it 
be moved fo far that the fhorteft Arm be- to the longeft, as 
2 to 20, which is one tenth of twenty, the fnialler Weight 
will be the tenth Part of the greater; three Pounds will be 
equivalent to 3:, and 3000 te 30000. 

Together with the grand Principle of Me» 
Direaion of chanics, we begin likewiib to fee the Ratio 
lowers. thereof. If that Ratio to which, we attri- 

bute the regular Effects of Mechanics be true, in Proportion 
as that Caufe mail grow weaker, we fhall find that the 
EffeCts will grow weaker likewife. This will happen 
when the Directions of the moving Powers will be no 
longer the fame, either between tbemfelves, or with re- 
gard to the Fulcrum. In the Application of moving Pow- 
ers, it is indifferent whether the Power afcends-or defcends<$ 
whether the Weight gravitates either in following its na- 
tural Propenfity, or moving in a contrary Direction ; it i* 
only required, that the Action be always the fame, and 
the Powers compared together fhould act with Uniformity. 
Now this Uniformity of Forces, which maintains the Equi- 
librium, muft ceafe when the Directions of the Forces mall 
happen to ceafe; for the Lever, to which they are imme- 
diately apply'd, pr on which they are fufpended* is either 
ftraight, as g b (Fig. 5.) or bent as f b. If it be ftraight,. 
the Directions mult be parallel» as g i b h, and if it be 
bent, the Directions mult be perpendicular to their Pact 
of the Lever, as f g is to f 1, and b h to lb; where the 
Directions are parallel, as b h and gi; then the Arms pjf 
g b are the Meafures of the Diftances to the Fulcrum, and 
of the Proportion of the Powers; but if thefe Directions 
be oblique, or inclined on each other, as c g, or d g with 
regard to b h; then thefe Directions deitroy the Proporti- 
on between the Diftances and the Powers. The Action 
which goes from g into d, draws in Part towards i, and 
in Part towards b. It is therefore divided ; it is no longer 
what it was,, when entirely re- united in the Direction g i. 
Like wile the Power g c, the Lever g, draws partly to- 
wards i, and partly towards a. The nearer it will ap- 
proach, 
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proach, and the more it inclines to a, the more Strength 
it will lofe towards i; therefore the Perpendiculars b h and 
gi muft be drawn to have a Computation of the Forces 
By the Diftances; therefore the Directions muft be perpen- 
dicular on the flraight Lever, if we want to make aie of 
its Arms , to meafore the Powers. 

If the Lever b is bent in 1, as f b, then the Power ap- 
plied to f, will act either according to the Direction f e, 
or to that of c f ; or will draw towards K. Little or no 
Advantage is gained by the Direction f e, which is oblique, 
with regard to the Lever f, as g d, with regard to the 
Lever g b. As you deftroy the Equilibrium of two Pow- 
ers, when you turn the Direction of one of them towards 
e ; you deftroy it alio, by drawing or acting towards Kv 
To recover the Proportion of the Equilibrium, you rauft. 
carry the Perpendicular c f on the bent Lever f ; and then 
the leffer Power c is to the greater h, as the leuer Arm r 
2 b, where the greater Power acts, is to the Arm 3 f, on 
which the Jefler Power acts. 

From thefe Obfervations proceed two or three Rules of 
great Ufe. 1 . If two Weights or Powers be in a recipro- 
cal Ratio of the Diftances extending from the Fulcrum to 
the Perpendiculars, there is Equilibrium. 
- a. If two Weights or Powers, one whereof following its 
Direction, and the other moving contrary to his, pafs thro* 
Spaces that are reciprocal to each other, as the Powers are ; 
and fo as that the large Spaces may be run through by the, 
leffer Power, and the lener Space by the greater Power ; 
there likewife will be an Equilibrium ; becaufe the Action 
of one Power is equal to the Refinance which is made by , 
the other. 

3. If the Diftances to the Fulcrum be equal,, and the, 
Spaces which are run through bealfo equal, there can be 
no Equilibrium, unlefs the Powers be equal. And as the 
Equilibrium can be found, by making the Powers equal ; 
likewife' the Equality of the Powers are eaiily found by 
fearchin g the Equilibrium. 

The Infiniment ufed for this laft Procefs is 
the common Balance or Scales ; becaufe the Fig ' 
Arms are made of equal Lengths. 

The Infiniment with unequal Arms, ufed 
in the preceding Experiments, are the Roman Flg ' 10 * 
Balance, orStatera. Expe- 
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Experience and Reafoning have brought thefe Indra* 

inents to Perfection, by the Suppreffion of fevcral BefeÔs> 

contrary to the Rules above-mentioned. 

M de Ba- The feveral Parts ,pf the Balance, are the 

lance. " Beam, the Axis, the Tongue, and the Scale," 

Firft, The Arms of the Beam muflrbe equal 

rîf . 6é and in Length and Weight, becaufe the mer- 

**«• 7* chandke, which is put into one of the Scales* 

ought to be as ponderous as «he Weights ixi 

Ac other; which would not be, were the Arms unequal. 

For tho* one of the Arms mould be of five 

Fig. 7. Parts, fuppofe five Inches, and the other but ! 

four, they would appear in Equilibrio, fhould ] 

the fliorter Arm be a little thicker than the other. The I 

G oods placed on the longer Side, travel fin g a greater. Space 
than the Weight on the lhorter, would oppofe to it a Pow- j 

er fufficient to make an Equilibrium, though it (houkl ; 

weigh but four fifths of the Weights in the other Scale p j 

and out of five Pounds, there would be one deficient, and* j 

one Ounce out of five Ounces. For as the Diftance of the 
Weight from the Point of Suipenfion would be but the! 
four fifths- of the other Arm, reciprocally the Commodity 
fulpended at this would be but four fifths of the Weight. 
Secondly The Arms of the Beam ought 
Fig. 8» not only to be of equal Lengths, but the 
Beam ought likewife to be very ftra : ght> 
ctherwifc the Scales will be deceitful. To dHcover this 
Defect, let us conceive the Weight and Commodity to be \ 

in Equilibrio, when the Beam is level to the Horizon : For 
"we fuppofe the Arms equal, and the Points of Sufpenfkm- 
of the Scale equally diftant from the Axis: But if the Scale 
be bent, if the Arms of the Beam' incline downwards 1 , and 
the Weights are to afcend, as is cuftomary in Commerce,' 
the Weight which from the Direction a, where it flood, 
afcends into b, i* found in a Direclion more diftant from 
the Center ; and, on the contrary, the Commodity in de- 
fending, will pafs in a Dire&idn* nearer to that Point. 
Thus, inftead of a fingle Draught, which is allowed the 
Buyer, to fatisfy him that he has, not only his Weight/* 
but an Overplus ; it will be absolutely necefiary to add 
fomewhat confiderable to the Commodity, to put it in 
Equilibrio with the Weight, fo aa to make it afcend:* 

Sbce 
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-Since the Qauage of Direâion renders the Weight on the 
tone Hand ftronger, and gives lefs Power to the Commodi- 
ty on the other. So that to make the Draughts, there 
mull be more added, when the Beam is bent'dowmvards, 
than when it is ftraight, and hdriaontaL Such a Balance, 
therefore» is disadvantageous to «he Seller. If the Beam 
was bent outwards, it would be a quite o profite Defect; 
iince the Commodity in deftonding, to make the Weight 
afcesd, .would require a more advantageous Direction and 
more diibaot from the Center ; whereas the Weight woufei 
loie, by banging its Direction neater the Axis, which 
weald tnjizce the Buyer. 

The Balance would not be free from the 
lame Deieft, if the Beam being ftraight, the Fig. 9. 

Pointsof Sufpenfion we*e below the horizon- 
tal line, which ihould pais through the Axis. The 
Middle of the Beam would defcribe a fmall Circle round 
the Axis, fo that a Radius of that émail Circle woeld gain 
in a£bending a Direction more diftant from the Axis; and 
the other Radius, in defending, would be in a lefs diftant 
Direction» thereiwe the fame would happen to the Bafon* 
«t Scales. To avoid this Inconvenience, it is necesn^ry, 
that tike horirontai line which travedef the Beat», flwrald, 
est the Axis» and the Holes where the Scales are ftrfpend- 
•ed. Thus the whole 7 movealways on ekher Side in paral- 
lel Direétiosis* If the Weight and the Commodity, being 
itt Equilibrio, ihould i^k*all. theie-diiferçQî Dkeôîons, tt> 
feârch only that where they are on a Level, it is the E#ééi 
of the Dlrecaaa of Nature, which always brhW Things) 
of an equal Weight to en equal Diibtnce from the Center 
«fthe Earth, prowled they play freely in the Flmâs that 
fiuxonnd them. 

To know exaâly when the Beam ishortwmtal and level, 
a Tongue is fixed upon it perpendicular to the Length of 
the Beam, fo that when the Arma areexa&iy parallel «0 
the Horizon, the Tongue as hidden in TnitU 
ca-; whence it cannot come oat on either Side, Fife. Vl* 
but it difcovers the lowering one of the Scales, 
and the Superiority of the Weight that gravitates- in it* 
Bat that this Mark may befure, he (hat weighs the Com- , 
modi ty ought to hold the Trutina by its Extremity v or have 
it frxdy fended by a Ring» rather than to grafp. the 

Jrutiuai 
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Trutina, at the Rifk of keeping it inclined ? in. which 
Cafe, the Cock would (lip from under the Trutina, with- 
out discovering exactly whether the Beam be truly hori- 
zontal, or not. 

Roman Statera. ** ow commodious foever the Balancewai,. 
for the Simplicity of its SeKvice, itwasfooa. 
perceived, that it was em barraffing in Commerce, with re- 
gard to the Quantity of Merchandize to be delivered: In. 
Proportion as the Quantity changed, the Weights were to 
be changed ; and when the Parcels were large, one of the 
Scales was to be loaded with a prodigious- Weight, and 
thefe Weights were to-be changed often, not without much 
Trouble and Difficulty. Another Infiniment,, therefore* 
was prefently found out for weighing, where one fmgie 
Weight, always at hand, and eaiy to be moved, could he 
in Equilibrio with different Quantities of Merchandize- 
We will now fliew you the artful BiflributioiL of one o£ 
the Arms of this Infrrument. 

Fj . jo Tirjiy Thoagh the Lever was divided into* 

i%t ' two unequal Arms, yet in that Inequality of 
Length, it was practicable to make them. ftand<in Equili- 
brio, by making the leng Arm thin> and thcfhort one 
thick ; or even to allow that the longer Arm fhould over- 
balance the fhorter; the Thing was indifferent ; provided 
that in making the Divifion of the longer, Regard mould 
be had to the Overplus, which could have broke the Equi- 
librium ; and provided likewife, one fhould make a juft 
Computation for it. 

In the firft Cafe» where the Thicknefe of die fhorter 
Arm brought in Equilibrio with the longer, fufficientljr 
weakened, nothing more eafy than the Divifiona of this 
latter. The Length of the fhorter Arm was taken from 
its Extremity where the Hook bis fufpended to the Point 
©f Sufpenfion or Center of Motion a,, and that Length was 
transferred on the other Arm, as many Times as it may 
be contained in it. After that, by intending a fmall 
Weight, as, c, of one Pounds and rendering it moveable 
hy Means of a Curfor or Ring d, it was eafily made to 
pafs along the Arm, through all the Divifions, 2, 3 ,4, or 
more, if there were more. This Aiding Weight, placed 
at the Divifion 1, was found exactly in Equilibrio with one 
Pound of any fort of Goods, fhfpended at the Hook h; 
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the two Arms, at the fame Time, equiponderating each 
other. The Pound on each Side was the fame Weight, 
and at the fame Diitance from the Center, andconfequent- 
ly equal. But when the Weight c was moved to the Di- 
vifion 2, it was then once more diftant from the Center 
than the Pound placed in b, where it made a double Ef- 
fort agreeable to the Diilance; therefore thtee Pounds of 
Merchandize were wanted to equiponderate the Pound e 
brought into 3 ; four Pounds of Goods to counter-balance 
the fame Pound c carried on theDivifion 4, and 20 Pound» 
in Equilibrio with a fingle Pound, which equiponderate 
twenty, when placed at the twentieth Divifion. This is 
no more than a new Application of the reciprocal Compu* 
tation of the Smallnefs of one of the Powers, by the Length 
of the Lever, and the Shortness of the other Lever by the 
Greatnefs of the Power. In all thefe different Pofitions, 
the Arms of the Lever preferye their intrinfick Equilibri- 
um, and in no wife affected the Truth of the Proportion. 
But in the other Cafe, that the two Arms of the Levé* 
were not to be brought to an Equilibrium» another Method 
was wanted to find the Direction of the longer Arm» whicji 
is as follow. 

Secondly, The longer Arm exceeding, for 
Example, the fliorter by half a Pound, fo F»fr "• 
that half Pound, fufpended at the Hook b b, 
by refloiing the Equilibrium, was a Proof thereof : then, 
to have a juft Divifion of the longer Arm, it was judged 
lieceflary to divide the leflerinto two equal Parts, and car* 
ry one of thofe Halves of the fmaller Arm on the greater* 
from the Point of Sufpenfion a a, to the Point 1 ; taking 
afterwards the total Meafure of the fliorter Arm, and re? 
peating it on the longer, fo many times as it could con*, 
tain it. This done, if the Mafs. e weighed one Pound, it 
was found, according to Expectation, that being at the 
Point 1, which is half the Length of the fhorteft Arm, it 
equiponderated with one Pound of any Commodity hung 
at the Hook b b ; for, firft, one half of this Poand is the 
Compenfation of the Excels of the longer Arm, to put it 
in Equilibrio with the ihorter. 

Secondly, The other half Pound is to. the Pound put at 1, 
as the Diilance i> half the ihorter Arm, is to the Totality 
of that Arm. By Means of this Precaution, wliich repairs 
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the Inequality of the Weight of the Arms, the fmatt 
Weight of one Pound brought to tHe Divifion 2, nwft be. 
équivalent to the Merchandize of two Pounds Weight at 
the Hook ; at 3 to 3 Pounds, and at 50 to 30 Pounds. J 

This Diviûon, which fitrprhes at nrft View, is found*- 
ed OB the feme Rote as the foimer that is fo fimpîe. Let 
its fuppofc, for once r tha* the two Arms of fhe Stateraare 
in Equiiibrio ; it is evident, that the Weight of one Pound 
pat on the Point r, which is half the Length of tflie fhort- 
er Arm, will equiponderate half à Poued &4pended at the 
Hook b b, fince the Distances of the Weights from the 
Points of Suipenfion are reciprocally as thofe Weights ; and 
that we have here a double Weight with a half Diftance* 
againft a half Weight with a double Diftance, without any 
Trouble, in regard to the Arms, which are equal in Weight., 
But if the Arms be unequal, fo that the longeft weigh*, 
double the fhorteil, there muft be half a Pound more hung, 
upon the Hook, in order to bring the Arms to an Equ* li*. 
ty. The Weight therefore of one Pound being pat at r* 
and the Stilliard being in Equiiibrio, there mull be, of 
eporfe, one Pound of Ooodfc attk© Hook. For the Eqw- 
librium proceeds from that the longer Arm, weighing 
double the ihorter,. the Pound 00 the fhorter is once mora 
diifcmt from the Center, than the Pound on the longer. 

If the Hiding Pound be brought to the Divifion 2, wht A 
is double the Divifion 1 , then the DLfomce of -the Hook 
from the Point of Strip en fion being two Thirds of the Di* 
ftance from the Aiding Weight c c to the fame Point ; re- 
ciprocally three half Pounds at the Hook motold, in al! Api 
pearaace, equiponderate with two lmJf Pourtd3 ec at 2: 
{tat we fhould reffiemher, that the exceeding Fntrinnxk of 
the longer Arm on the Sorter, is of half a Pound; there 
is wanted, therefore, one half Pound mere at the Hooky 
to keep up the longer Arm. Thus the Stilliard being itt 
Equiiibrio, when the Aiding Weight is at the Divifion 2i 
there will be two Pcunds of Gooés at the Hook. 

By this Manner of Reasoning it appeared plain, that, 
when the moveable Weight came to the Divifion 3, 4, j/, 
30, and 40, there would be neeeflarify in the Equilibria 
3> 4» 5> 3°> «ttd+ô Pound* of Gtoeds on the Hook. 

IE therefore, there was but a Quarte* of a Pound re*, 
qufcçd at the Hook, to keep the Beam kvel, after having 
« . divided 
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4^vldei tlie {hwt Ana in t* four equal Parts, itwosfuffioi- 
«eat to lay off* three of tholè Paru cm the Beam from the 
Point of Suipea&m» and there mark » , and then proceed 
to the Divuîon of the lieanv, by repeating the whole Length 
of the ihort Arm, as many times as it may be repeated 
from i to the End of the Beam. The Aiding Poind c c, 
being put at the Point» which expreflès three Fourths o# 
the Length of the ihort Arm* ihottld, in ail Appearance, 
haye equiponderated with three Quarters xxf a Pound o» 
the Hook : but becaufe there was a Quarter of a Pound 
rnoce wanted to keep the long Rod in Eqirilibrio with the 
Ihort Arm» it followed, that the Pound Weight at the 
Point i required for the Equilibria» one Pound of Goods 
mt the Hook, two Pounds when it arrives at 2 ; and 20 
Pounds when it come.?' at zp. 

When> to keep up the Beam» two Ounce* only were 
wanted at the H^ok, then the lefler Arm, or the Di&anca 
$om the Hook to the Point of Sufpcniion, was divided in- 
to 16 e^ual Parts. From that Number as many Pointa 
were deducted* as th^re wejje Ounces wanted 9X the Hook; 
to keep the longer Arjn in Eqnilibsto» and the remaining 
Parts were carried on the Rod front the Point of Suipenii* 
oja. If throe Ounpes were wanted to keep both Arms in' 
Eqailibrio, thea 1 $ Pacts 0/ the. feorter Arm, which is the* 
ijjtcefe of the Number 1$, wete earned on the Number 3 ; 
and the Aiding Mais being of 16 Ounces, could not fail 
of ranking an Equilibiiuxi at the Point 1, provided that: 
with 13 Ounces hung at theJriook, there be three more, 
gut to counterbalance the Weight of the longer Ann. 
There (hould hare been then one Pound of Goods at the 
Wpok^ when the fliding.Wejght .was. at 1 . Thereft of the* 
Diviiions being afterwards ièt off by the whole Length of 
the>ihorttAr?n, there were two Pounds afcthe Honk, when 
die Hiding Weight was at t, thace Pounds when it came 
àt 3, four Pounda at 4, and fo on as before* 

Thirdly, There was a third Cafe, which re- p. 
quired a different Kind of Divifion; and that * 

was, when; the ihort Arm ftouid chance to be 
heavier thanithe Beam. The ; fame Principle has alfo fur* 
nt&ed ns with a Manner of dividing it^ which is, to place* 
firft the Aiding Mais» which I fuppofe, yet, to bea Pound* 
Weight, .at the Point c wh&reit can ke*p,the Beam in 

Equilibria 
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Equilibrio with the fhorter -Arm, then carry the Meafore 
ef the fhorter Arm on the longer as many times as it can , 
be contained in it, beginning the Numeration, not frem 
the Point of Sufpenfion, but from the Point of the Equili- 
brium c. The Aiding Weight being ftopt fucceflively in 
I» * > 3> 4» 5» fcfr- would neceflarily equiponderate with 
one Pound put on the Hook, then with 2, 3, 4, ç, &c. 

The Divifion of the Rod in the prêtent Hypothecs, runs 
ftill upon the fame Principle. Let us fuppofe, that the Di- 
stance from the Point of Sufpenfion to the Point c, is the 
fourth Part of the Length of the fhort Arm. Let us far- 
ther fuppofe jhe Excels of the Weight of the fhort Arm, 
over the Weight of the long Beam, to be as a real Weight 
fufpended at the Hook. It is evident that this Weight 
(hould be a Quarter of a Pound, for this Weight is a Quar- 
ter of the Pound c, as the Diftance of the Pound c from 
the Sufpenfion is one Fourth of the Diftance of the Hook 
from the fame Point. Jf we imagine the Excefs of Weight 
of the fhorter Arm over the longer, as a Weight fuperadded 
to two. Arms equal in Weight, let us put that Éxcefs in 
ibme other Point, without moving the Aiding- Pound from 
c, In fufpending by Imagination a Weight at three Fourths 
of the fhort Arm towards the Sufpenfion, it may be afked, 
what will this Weight be ? I anfwer, It ought to be one 
Pound; for the Weight is reciprocally to another Weight, 
as the Diilance to another Diilance; but the Weight in c 
is diftant from the Sufpenfion, one Fourth of the fhort 
, Arm, as the exceeding Weight fought, being here at three 
Fourths of the fhorter Arm, is only one Fourth diftant 
from the Sufpenfion. There is therefore Equality of De- 
fiances and Equality of Weights, that is to fay, one Pound 
oil each Side. 

If we imagine the Excefs of the letter Arm over the 
longer, as a Weight fufpended in the Middle of the fhort 
Arm, what will that Weight be M anfwer, It will be 
half a Pound, Jialf of the Weight c ; as the Diilance c is 
half of the Diilance from the Middle of the fhort Arm to 
the Sufpenfion. If we imagine the Excefs fufpended at 
the. fir û fourth of the fhorter Arm, it will be one Quarter 
of a Pound, and one Third of a Quarter, which together 
make one Third of a Pound : Since the Diftance of this 
Weight from the Point of Sufpenfion being triple that of 

c, it 
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% -it-ought to be but one Third of the Pound that is in o 
If, laftly, conceiving the two Arms as equal, and leaving . 
the Pound in c, you would have the Equilibrium by ap- 
plying a Weight to the Hook, what will that Weight be t 
I aniwer, It will be to the Pound as the Diftance c is to 
the whole Length of the fhort Arm. That Diftance is one 
Fourth of die fhort Arm, therefore the Weight fuperadded 
to the Hook', in order to make an Equilibrium, will be 
one Fourth of a Pound. • 

Thus it appears, that in what Point fbevcr of the fliort 
Arm we imagine the Pofition of the Excefs on the Weight * 
of the Beam, it will always be certain, that when the Aid- 
ing Weight balances the Beam at any Point, as at c, the - 
right Counterpoife of the Excefs of the fhorter Arm over 
the Beam is found, and there is nothing more wanting af- 
terwards, "than to carry the Length of the fhorter Arm on 
the longer, as many Times as it can contain it. There 
will therefore be four Quarters on the Hook, the Pound 
Weight being in 1, the firft Divifion from c; fince the 
Weight is then to the Weight as the Diftance is to the Di- 
ftance; the Diftance of the Divifion 1, from the Sufpen- 
fion, compared with that of the Hook from the fame Point " 
of Suipenfton, is; as 5 to 4; likewife one Pound at the 
Hook with the Quarter of Excefs, which wejmagine fuf- 
pended -at the fame Hook, is with regard to the Weight 
in c, as 5 to 4. There will therefore be one Pound of 
Goods at the Hook, when the Hiding Weight comes from 
c to the firft Divifion 1. This Precaution once taken, ail 
the reft* follow ; when the running Weight comes to 2, 
there will be two Pounds, of Goods at the Hook, when it 
comes to 3, 4, 5, there will be on the Hook 3, 4, 5, or 6 
Pounds of Goods. 

If the Excefs of the Weight of the fhort Arm, being 
conceived, not as fattened to any Point of the fhort Arm 
at Pleafure, but only as hung at the Hook, fhould be half 
a Pound ; the Point c, where the moveable Weight, when 
ftopt, would balance this Excefs, won d evidently be di- 
ftant from the Center of a Length equal to half that of the 
ihorter Arm : After which, the Numeration would go on 
by repeating the whole Length of the fhort Arm. If, on 
the contrary, the Excefs were but one, two, or three Oun- 
ces, the Point c would be diftaat from the Center, only 
.t one 
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one, two, or three Sixteen As of the Length of the Aiôrt^ 
Arm. 

Thefc various Divisons a*e ho Trouble K> any one but 
the Artift. When the Instrument is approved, and mad* 
Ufe of in Trade, let die Numbers i, 2, 3, 4, ç, &fc. be- 
gin from any Point whatever, the Buyer is directed by the 
Marks, without any Difficulty, and, mofk commordy» 
teithout any Fear of being defrauded. 

However, it muft be allowed, that norwifhftanding this 
Inftruraent is more Commodious in many RefpecV* yet, on 
the other Hand, it is more difficult to adjuft, and more li- 
able to Deceit, than the common Scale*, or Balance wi:h 
equal Arms: The great Number of Divifiotts which mull 
be marked along the Beam, and thole Marks being very 
near each other, may occafton many Blunders, andxlifor- 
dtr the Mechanifm thereof. The Points of Divifion muÛ 
be of a certain Breadth to be difcerned. The Seller, thro* 
Ffatud or Miitake, may ftop the Curfor, or Aiding Ring, 
of the moveable Weight, not exaclfy in the Middle of the 
Point, make it declining on either Side, and the Fault, 
* if often reiterated, may caufe an Error, either in what wè 
'deliver out, or what we buy. 

The long Arm, or Rod of the Stilliard, carries two Df* 
virions on its oppo&te Sides, and thefe two Sides anfwer 
to the two Diftances from the Hook to the Center. Ont* 
of them is called the ftrong, the other the weak Side; 
The weak Side is ufed for Commodi ies of no cenfiderabler 
Weight, and anfivers to its greateft Diftance from the Hoofc 
to the Center: Is Divisions, therefore, are at a greater 
Distance from each other, as far from each other as pof- 
fible. The ftrong Side ferves for the m oft ponderous- 
Goods ; and as on this Side, the Diftance from the Hook- 
to the Point of Suipenfion is lefs, the Marks of the Divisi- 
ons are accordingly clofer. 

The two fcrft Uiès of the Swipe, or Lever, are, as we* 
before obferved, to lift up, and counter balance; but this 
Inftrument, however, notwi r hftanding its great Simplicity, 
has been applied to divers other Ufe», the bare Mention of 
which wili be fafficient. 

Two Levers fattened together in the Form of a Crofi, 
by Means of a Rivet, which traverfes them, and rouid 
which e«kby it&lf cuke* the Swipe, have formed For- 
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céps and Pincers of all Sorts. Each of thefe Levers is, as 
ic were, divided into two Arms by the Rivet ; one of which 
muft rife when- the other falls. When two of their Arms 
are opened or feparated on each Side the Rivet, which is 
their common Prop, the other two, tho' they move in a 
contrary Direction, feparate likewife; then join each other 
again, when the others dole. Let us call anterior Arms 
thofe we take in our Hand ; and pofterior thofe that are 
beyond the Rivet. The longer the amerior are, the po- 
fterior will a& with a greater Strength. If, for Example^ 
the anteriors of a pair of Pincers are fix Times longer than 
the poileriors, there needs only to apply a Strength of ten 
Pounds, of which a young Boy is more than capable, to 
give to the Extremity of the pofterior Arms a Power equal 
i o he Action of threefcore Founds. By rhis Meaa* a Block 
may be managed with all ihe Eafe imaginable, which 
otherwife could fcarcely be moved. And if a Man, whofe , 
Mufcies can furnifh an Action of the Value of 45 or 50 
Pounds, will move, or fix, at his Pleafure, ^a heavy Piece 
of Metal, by laying hold of it with a rair. of Pincers, 
whcfe anterior Arms are fix Times longer than the.poilc- 
xior, he exercilès on thai Mafs a Streng h which is like, 
or equivalent to a Weight of 300 Pounds. 

This new Instrument, fo proper io lay hold of heavy 
Weights, and. conquer Refiftances, may be diverfified in 
infinitum' It acquires new Names as well as new Faculties, 
according to theditferen Forms given toirspoiteriorArms. 
One of the molt uièful is, 10 have rendered them iharp, 
and made Sciifars, or Forceps, and Sheers of them, the 
Strength whereof increafes with «he Length of the ante- 
rior Arms: they can be fuch, as they may be ufed to cut 
Lead,. Copper, Iron Fiâtes, or other ftiil harder. Matters. 
The Strength of the pofterior Arms increafes, likewife, in 
Proportion as ihe Subftances to be cut are applied nearer 
the Rive. For it is the fame as if thofe Arms became 
-ftior er ;• and we have feen, that he Streng h of the pofte- 
rior Arms increafes in Proportion as they are Ihorcened ; 
becaufe the moving Power hat adts on theAnteriurs, is fo 
much the greater, as hey exceed the o hers in Leng h. 

There is a very advan ageous Manner of T . L ; 
ttfxng the Lever, which appears qui e diiFe- f ; pped at ofte 
ren from che preceding ones,, and where, End, i 
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Dotwurrihnding, tne fame Progrefs of Soseagth, an be 
observed ; and that is, by fa&emng one End of the Lever 
fey a S.apie r or Hook, fo as to keep it from flipping, and 
vet in fuch a Manner* that the Lever may rife, or fotf, in 
l' s whole Length* Now,- kt us- consider three Points in 
ihis Lever; i. The Point of faAeniagv which props one 
£itd of the Lever. 2. The- Point 0* ReMantce, whereon 
the Lever is lowered. 3 . The moving Power applied at 
the other End; of the Lever. Alt the Aâion of this* Lever 
falls on the Point of Refinance; and the nearer this Jt«it&. 
ance is brought to/the Poino of fattening, the greater ia 
the Extent given to the Arm that gvows longer- from the 
Point of Refinance to the moving r*t)wer; which moving 
Power, though always the fome, becomes more aéftve, in 
Froportioa as this Length increafe*. In* this confife tke 
Strength of the great Prefe * which is a large T#ee, or fè» 
veral/Trees combined together: one End whereof is firmly 
fixed» ia Clamps. Theie Twcs are laid on a Htzp of 
Grapes, pretty near tbat fame End. Bwatthe other End 1 , 
which is at agreacDiifonce from k,.a large Cale, filled 
with Stones, to« the Amount of twenty rhowfend Weight 
or. feme other Power, ii made uj* ac~!, whieh preflès the 
Cakes of Grapes withfo much *he greater Facility , as that 
Cake is nearer the Staple, and more diftant from the 
Power. 

If a Lever be placed by one of its Ends on an Iron Pin 1 ', 
which keeps it fteady, and that Lever be ftvarpened like a 
Knife f a Loaf, or any- other divifible Matter, ferving of 
Refiftance to that Lever, will experiment the Ac"Hoï* there» 
of much ftronger, as the Power will acl at a- greater Dr* 
irance from the Prop, or that Prop will be nearer the Staple. 
Each Point of this Lever defferibes, at equal Times; fb 
many different Arches. The nearer the Point is to the 
Staple, the left is theArch, and, on-the contrary, the moil 
diftant Point deforibes the largeft Arch. All thefe Points 
which defcribe their different Arches, in equal Times, acl 
ftiltuv an inverfè Proportion of the Powers to the Spaces 
through which thev run : (© that the Power muft be inr- 
creafed, in Proportion as the Arch it runs ihroogh becomes 
lefs; and there is lefs Force required, in. Proportion as the 
Agent defcribes a greater Arch. Suppofe the Point of the 
Knife brought on- the Bread, to. be 5 Times nearer the 
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Staple* than the Hand that lowers it, that Hand tfcfcribing 
«tt Arch 5 Titow greater thafi the cutting Point, if the 
Eflbrtk makes» be equal to the Preflure of ten Pounds» 
the cutting Point a&s with an Effort of ço: and if the 
twenty thoafand Weight, hung at the Beam» of the great 
Prefs» is 5 Times more diftant from the Heap of Grapes» 
than that Heap is from the Point which flops the ether 
ind of the Beams > the* Point of Preffioft, by traverfing five 
Times k&^paee than the Weight, prefles the Grapes with 
«i> Effort equivalent m one hundred thoufànd Weight. 

Whether a Ltvtr t flopped by a fixed £ofot* be lowered 
or raifed 1 whether we ule it to prefs a refitting Matter» 
laid between the fitted Pbftit and die Power ; or to raife a 
Weight hung between the Staple and the Power, the Ad- 
Vantage is the fame» and the* Rule the fame ; 1. e. that in 
all thefe Cafes* what the letter Space run through is to the 
greater* the moving Power is to aie Refinance. Now, thfe 
nearer the Refiftance is to the Staple-, the lefs is the Space 
run through by that Refinance: and therefore the moving 
Power is lefs in Proportion, but then ks Weaknefs is com? 
penfated by the Space. 

The firft and ritoft common Ufes that were - 
tnade of the Lever» were to weigh* prefs, Plate V. 
cut, remove any ponderous Body. The moll 
advantageous was, donbdefs, the removing, by that Means» 
very heavy Weights ; it was not fufficient, however, to 
jfeove theih only, fittce it Was abfolurely necefTary, thai 
fometimes they Ihould be raifed : and k was by that Means 
only, that Man could rectify the Inconveniences of an un- 
even Ground, and build his Houfta to any Height re* 
required. 

The Pam ôf the Pulley are the Block, the 
Wheel, or Rundle, and the Axis. The firft Thé Palley. 
is that Piece which contains the Wheel, to 
which it is faftened by the Axis that is drove through the 
Block-, and a Hole in the Center of the Wheel ; fo that 
the Wheel may turn freely round either Way. The Wheel, 
either of Wood, or Metal, has a Channel round its Ciri 
conference to receive the Rope. The Axis is a Pin which 
traverfês the Rundle, and round which as many Points it 
afeends on one- Side,- fb many it delcends ori the other. 
The Pulley is made ufe of two different Ways. It is 
M 2 v fome- 
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foœetimes fixed, and fometimes moveable. It is f id ttf 
be the former, though the Wheel turn round the Pm, 
whenever the Block is fixed and immoveable (Fig. 13.) 
The Pulley is faid to be moveable, when the Block is not 
fixed to one Point, but follows the Direction of the Weight 
that is hung to it /Fig. 14.) The fixed Pulley is a true 
Balance, which muft be demonftrtfed. The moveable 
Pulley is a true Lever likewife, but we muft ihew the Ad- 
vantages that attend it. The jixed Pulley is a true Balance, 
becaufe one may conceive each Point of the Wheel at the 
Extremity of a Line, or Radius, terminated at the Pin, 
and corresponding with a like Line on the other Side. 
The two Lines, or Radii, make together, two Arms, or the 
Equivalent of the Beam of a Balance. But the Beam muft 
be taken horizontally, if we would form a true Judgment 
of the Equality of Weights. Likewife, in all the Points 
which compofe the Wheel of the moveable Pulley, we 
need only regard the two Extremities of .the Line thai 
crofles the Wheel and Axis : becaufe thefe are properly 
the Points which receive the Pulfion of the Powers,' and 
which may be considered as prolonged by Means of Ropes* 
and immediately applied to the two Ends of the Line that 
-cut the Point of Sufpenfion. When we will raife a Bur- 
den by the fixed Pulley, we run a Rope over the Wheel, 
and of the two Ends that hang down ii parallel Directi- 
ons, one fupports and raifés the Burden, the other is di- 
rected the contrary Way, by the Power which ads upon 
it, to make the Burden a/cend, while it deicends itfelf. 

When ah Agent, or Power, fupports a Weight, by the 
Help of a fixed Pulley, he is obliged to aft with a Force 
equal to the Weight : for if Lines are drawn from the Cen- 
ter to the Place where the Rope leaves the Pulley, thofe 
Lines will be horizontal, and, at the fame i ime, perpen- 
dicular to the Rope ; they will meafure the Diftances from 
this Center to the Dire&ions of the Power, and of the 
Weight. Now thefe Lines, being per feci! y equal, fupply 
the Want of a Lever with equal Arms, whofe Extremities 
defcribe equal Arches. The Spaces, therefore, run thro? 
by the Powers, being the fanip, the Sums of the Efforts of 
thofe Powers willlikevviie be the fame, and it fufiices to 
make the Power over-balance the Rèfiftance, Xhat it. tun* 
ahc Scale but never fo (lightly. 

The 
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The fixed 'Pulley is not only made ufe of to raïfe Bur- 
dens, by the Conveniency of a Counterpoife, but to change 
alfo, as often as Occa/ion requires it, the Direction of tue 
Powers, and hinders the Rope from wearing off. 

Let us now fee whether the moveable Pulley be not 
more ferviceable to the Power, than the fixed Pulley. r f his 
Iaft is a Balance, whofè horizontal Line defcribes by its Ex- 
tremities equal Arches. But the moveable Pulley is a Le- 
ver, one of whofe extreme Points is fuppofed immoveable, 
and all the reft defcribe unequal Arches. The whole Ad- 
vantage muft be for the Power fattened to that Point, which 
fraverfes the greater Space, which Advantage muft be mca- 
flired. 

- It muft be obferved, that one End of the * 
Rope is fattened to an immoveable Hook a, Fig. 1,, 
and the Power pulls the other End b. So 
that all the Points of the Rope fattened to the immoveable 
Hook, ferve to fuppdrt the Pulley ; and becaufe the Weight 
C is between the Power b b, and the Supporta a, it is ne« 
ceflary, to ad with Advantage, that, in the^ Equilibrium, 
die Powers mould make an Effort weaker than the Weight; 
for in reality, the Rope a a, fattened to the Hook a, rap- 
ports Part of the Weight c. It is certain iherefore, thatf 
ôie moveable Pulley facilitates the Action of the Power C, 
and that the (anie may be fupported by it with a lefs Ef- 
fort than what is required with the fixed Pulley. But if 
we confider as a Lever, the Line a a, b b, which cuts or 
unites the Points, where the* Ropes préfs, or quit the Pul- 
ley fucceflively ; will it not be evident, that the Direction 
of the Power b b will be twice further fromrthe Support 
a a, than the Direction of the Weight c, which we ought 
to conceive as acting in d ? Therefore, according to the 
flated Rule for the Lever, the Power b b fhould act with 
half the Power of the Weight c : the Meafure of this Ef- 
fort is found in the Comparifon of the Spaces run through. 
Now, û nee the Power b has begun to raife the Weight, 
fill it arrives over-againft the Hook a, it is found to have 
traverfed the whole Space from the Ground, or Floor, to 
the Hook a, whilft the Weight c has traverfed but half 
that Space ; and when the Weight will be arrived at the 
Hook a, the Power b will have run not only through the 
Space from the Floor to the Hook a, but likewife another 
M 3 fuch 
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foc h Space above the Hook. If therefore the Powcft are 
ïefsin Proportion, as they areoftener repeated, the Space 
run through by the Power b being double that traverfed 
by the Weight, there is but half the Power wanted to be 
in Equilibrio with the Weight. 

, In the Ufe of the fixed Pulley, the Power moving ac- 
cording to its own Direction, makes the Weight move 
contrary to his, by Means of a fimple Equality, with a 
very little Superiority. Raifing of a Burden againft its na- 
tural Direction, is, then» the iole Advantage gained. 

In the Ufe of the moveable Pulley, we not only raife 
v the Burden, but do it with half the Strength ; which is a 
new Advantage. Having but a (mall Share of Strength*, 
let us endeavour to hufband it ftill better, and that even by 
increafmg the Profit refulting from it; the Merit, and Pro- 
ceffes of Mechanics being like thofè of (Economy. 

There are many Infiances wherein a Maa 
Combined m • j ]ave occa £ on to remove or raife heavy 

\TX Mafcs, whofe Weight vaftly exceeds the 

Strength of his .Arms, and even the lifual 
Helps acd AMances that he receives from ilhe Lever, ox 
the moveable Pulley. He cannot therefore copper jhtfe 
Refinances, but by joining together Several Levers, or fe- 
veral Pulleys, to multiply the Helps he can receive. Hia 
combined Pulleys muiC not be all fixed ; for if they were» 
they would rather obftrud than forward his Pefigri. Neî^ 
ther muft they be all moveable, becaufe the moveable 
want good Supports. 

In order, therefore, to render the Combination of the 

Pulleys profitable, he joins the fixed with the 
Moufles. mobile, and that Combination borrows in the 

Mechanics the Name of Moufles, The Com- 
bination of moveable Pulleys, is called Moveable Moufles* 
and that of fixed Pulleys Fixed Moufles. The fixed Pul- 
leys are all inclofedin àe fame Block as (Fig. 15.) and the, 
moveable Pulleys in another Block» as b, in the fame Fi- 
gure. Both thefe forts of Pulleys may be united in twQ 
different Manners : Firft, All the fixed Pulleys may be tra- 
verfed by one fame Pin a (Fig* 16.) in the fame Manner 
as the moveable Pulleys by the Pin b, (ibid) Secondly» 
Each Pulley may have its own Pin. One End of the Rope 
is generally fattened to the fixed Pulley, as c (Fig. J 5 .) and* 

a (Fi{. 
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a (Ftg. 16 :) then ths Rope runs alternately under one of 
the moveable Pulleys, and over one of the fixed, and foon 
overall ; and the other End of the Rope is held by the 
Agent, or îower, in order* to pull and taife the Burden. . 
Let us now confider, of what Succours this kind of Pul- 
leys are to the Agent. Suppofe an Oilman wants to takç 
out .of his Cellera Tun of Oil, or any other Commodity, 
of 5 or 6 hundred Weight, let. him have only a Set of 
fixed Pul'eys placed over the Hole made in the Roof of hi* 
Cellar, and another Set of moveable Pulleys fattened to the 
Vcffel, -and two Servants only will be able to draw it up. 
If they are able, as no doubt they 'are, to lift 50 Pounds 
each, their combined StreagtJi will lift 100 Pounds : Now 
let them only make ufe of a Block with three Pulleys., they . 
will not only make Equilibrium with a Tun of Oil of fix 
hundred Weight* but even raife it as «afily as a hundred : 
Pounds Weight., from the Bottom of the Cellér to the Top. 
That the Force, or Power, ofone hundred .and few Pounds 
will Jift up fix hundred» may be demonftrated by the Prin- 
ciple already mentioned. . Çuppofe the Weigh* aiçends one 
foot, it is aeceflary that the JKope» which encompaffes thp 
fix PuUeyei, and malce each of them revolve once the Length , 
of a foot, feould Jhorten by ûx Feet i» the Hancts of this ; 
Perfoa that puljs it ; which is the la,me^ as if tfye Hands 
had trawerfed the Space of fix feet, while the Tun . of Oil 
is traverfing the Space of one Foot; but in thq Equilibri- 
um, thé Powers and the Weights ought' to be in an inyerla 
Ratio of the Spaces, which the Power runs . through ac- 
cording to its Direction, and the Weight againû its own 
Direction.' The Action, therefore, oi the moving Power 
which runs through fix Feet, whilfr. the Refinance moves 
«nly through one, ought to.be but one fixth Part of .the , 
Weight, to keep an Equilibrium. Thus, when the Load- 
weighs fix hundred Pounds, it fuffices, that the moving 
Power mould make an Effort of 100 Pounds ; fince 100 
Pounds, with a fingle moveable Pulley, is equivalent to 
two Hundred . If there were four Pulleys in each Block, 
the Rope which encompafies four fixed, and four moveable 
Pulleys would flip through weight feet, while the Weight 
is traverfing one. It would fcihee, therefore, that the Rope 
ihould make an Efibrj equal to an eighth Part of the Re- 
iîfiance; and the Aftion of a Man's Arms, or of a Weight 
M 4 of 
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of i oo Pounds, only adding 2 or 3 Pounds more ta It, 
uill raift eight hundred Weight. The Rule therefore, 
for 'finding the Proportion of the Power to the Weight, is 
to double the Number of Pulleys in the moveable Block, 
and there is the fame Proportion between the Power and 
the Weight, as between Unity and: double the moveable 
Pulleys. In all that has hitherto been faid concerning the 
Pulleys, we have fuppofed the Directions to be parallel, 
but if we were to deviate from the Parallelism , by making 
"them to concur together, the Advantage accruing to the 
Power from the Pulleys would be fomewhat lefs than that 
we have determined ; becaufe, in this Cafe, the Strength 
of the Power would be divided, by drawing the Weight 
partly upwards, and partly towards that Part to wh ch it 
inclines. - 

w The Wheels of Carriages partake, in (orne 

CaiWw. meâfure, of the Nature or moveable Pulleys ; 

the Ground where the Wheel refts or ftand s, 
is the Point of Support : The Length of the Lever is taken 
from the Ground to the Nave of the Wheel, which an- 
fwers to the Beam wiierê thé Horfes are tied. Large 
^ heels, therefore, are more commodious than fmali ones, 
becaufe their Levers are' longer, and each Point of the 
N ve, which is drawn every Moment, is found in the Di- 
rection of the Traces and at the Height of the Breaft of 
the Horfes that draw the Carriage. - 

There arc Roman Medals, and other ancient Monuments, 
that reprefent the Vehicles of the EmprefTes, and other 
Sorts of Chariots. Thefe Vehicles haVe four Wheels, of 
the fame Height and Breadth ; and therein the Ancients 
Teem to have been better ferved than us Moderns, who put 
to our Coaches and Waggons, two very high Wheels, ' and 
two others very low ones : Whence it follows, that the 
Horfes draw at the fame time the large Wheels by a long 
Lever, which is at their Height, and the fmall ones by a 
fhort Lever, much lower than the Wheel itfelf, not only 
the Lever of the little Wheel is fliort, but rhe Direction of 
the Trace does not feize the Extremity thereof at the Per- 
pendicular, which renders it lefs ferviceabje. The Short- 
ness of the Lever, in the little Wheel, is not all the DefU 
«iency ; if we calculate either on' the moft probable Hypo- 
thecs, or on precife Meafutes, the little Advantage got 



," ' Of Mechanics. ~ 1 49 

by means of the fliort Lever, and the (uperior Advantage 
they gain from the greater, which is the perpendicular Ra- 
dius of the great Wheel, one may reckon at a Medium 
between them, and that will give us the exa& Totality ; 
but this Totality of Succours would be much greater, if 
our Carriages were to roll on four equal Wheels, /. e. by 
the Help of four long Levers riveted at their Extremity in 
à perpendicular t)ire&ion of the Trace ; not only the Ra- 
dius of the litde Wheel, and the Direction of the Trace, 
caufe here a Diminution of Profit ; but even the Horfes are 
loaded, by this oblique Direction from Bottom to Top, 
with Part of the Weight of the Vehicle. Has this -double 
Inconvenience been introduced without any Defign ?. No ; 
the Intention of the modern Method feems to have been, 
to keep the fore Part of the Carriage in a kind of Sufpen- 
fion in a bad Road. The firft Effort of the Horfes may 
lift up that fore Part of the Vehicle, and fo facilitate the 
difengaging the other Part. Let us now recapitulate, in 
a few Words, the Advantages procured from the Pulley 
and thé Lever. With the common Levers, whether they 
are divided into two Arms by a Prop, or fattened at one 
End, any Burdens may not only be moved, but lifted up 1 
but then they cannot be moved by tïiem through any large 
Space. With a fixed Pulley, they may indeed be, drawn . 
up to any Height at Pleafure, but the Agent rnuit ad with 
a Power equai to the Weight, and even fomewhat more, 
to carry off the Equilibrium. With the moveable Pulley, 
it is true, this Refinance is diminifhed by half: And if 
the Number of Pulleys be increafed, the Power gains twice 
as much Strength as there are moveable Pulleys : So that* 
the moving Power ought to be to the refilling Weight, as 
one is* to twice the Number of moveable Pulleys. But.thi* 
Multiplie -tion of the. Pnlleys, fo advantageous in many» 
Cafes, becomes, notwithstanding, troublefomé, and even 
impracticable in others. Men have therefore attempted to 
reunite, in one iingle Machine, the Advantages of the two 
former, and hay e fucèeeded. 

Two fixed Pulleys have been joined toge- ... » 

ther, one very large, a, and the other s try The Wheel 
lraall, b ; and traverfed by the fame Axis, and ft »Axle- 
c c. The Rope that draws up the Weight . trec \ -'f J ? # ' . 
u.to be wound round the lefiêr Pulley, b: And the Action 
Mj of 
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of the moving Power to the - Circumference of the-gte** 
Pulley, a.. The great one is called the Wheel, the léger 
the Role or Cylinder; and ae the Cylinder maybe length- 
ened at Pleafure, 4b may thé Breadth of the Wheel be in- 
creased in the fane Manner. There may be tarerai 
Spokes drove through the Fellows of the Wheel, to Jiti]» 
the Action of the moving Power on the Wheel, as in a, 
Fig. 17. This Wheel may be made wide, in the Shape of 
a large Drum, and capable of receiving within its Cir- 
cumference one or moue Men, who by advancing forward - 
in that Dram, will determine each Part they, trample up- 
on to defend, and which being continued, makes the 
Wheel, the Cylinder, and the Rope, turn round. This 

_,, _ Machine is called a Calender, or rather 

The Tympane. m ». <» 

3 r Tympane, c, Fig. i$. 

Inftead of a Wheel, it may fuffice to make Holes m the 

Cylinder, to which Spokes, or Radii, are fitted, which 

the moving Powers lays hold of as lo many Levers, to make? 

. the Machine turn round. The Pulley b, 

2£? 17. w . hich is €aJM the Cvîinder ©r Role, occu- 

pies a considerable Length to the Right and 
Left pf the Circumference of the Wheel, a. . It may fee 
conceived trayer&d through its whole Length by a Line, 
or Axis, the two Ends whereof, c c, are called Pivots : Thofe 
Pivots fupport the Machine ; on them it makes its Revolu- 
tions $ they, ought therefore to be very firm, that the Mo- 
tions may be regular and fteady / The left they are, the 
tefs will the. Friction be, and the lefs will the Revolution 
be retarded. They may likewise be considered as the Pin 
of a Pulley, and the Fulcrum on which they turn, as fup* 
plying the Place of a fixed Block. 

After this Defcription of the Wheel and Role, let us? 
eonfider its Ufe. We here find the Advantages of die 
Lever and Pulley, and in the mean time avoid the Incon- 
veniences of both. 

The horizontal Radius of the Wheel, by defcending on- 
one Side, raifes on the other the Radius of the Role where 
the Rope is fixec\ The Axis that traverfts the Wheel and 
Role is therefore a true Point of Support i And thefe two 
Radii together perform the Office of a Lever. The Ra- 
dius of the Wheel is its long Arm, and the Radius of the 
Role its mortciL But the U& of the common Lever it 

flow. 
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flow, and fuflt>f Obftru&ians; whereas the AcHon of the 
Lever abovementiorned is continued without Interruption 
by another Leyer, ; betaufe the Power being pulling con- 
tinually the fame Way, caufes the Weight to rife higher 
and higher in a contrary Direction. Thefe Radii meafure 
likewise the Diftances from the Axis to the Dire&ion, 
that is, to the Circumference of the Wheel where the 
Fôwer atts, and to the Point -of the Circumference of the 
Rote where the Remittance is made. Therefore, in the 
Equilibrium, the Power is to the Weight, as the little Ra- 
dius, or Radius of the Role, is to the Radios of the Wheet. 
If the Radius t>f the Wheel « ten times longer than that 
of the Role, the Strength of the Power need be but one 
Tenth of the RefHraiice^ *Thus, rf wefuppofe the Strength, 
of the Power equa! to 50 Pounds, it will keep in Equili- 
fcrio a Weight of 500. 

Now the Effort ûf the Power being thus ten times Ie& 
than the Refittanee, the Power mull, hi Rerurri, run thro 1 * 
a Space ten times greater than that run over by the Weight, 
fmce die Weight afcends no fatter than the' Point 6f the 
Surface of the^oie afcends, and the Circumference of thé 
Wheel h ten times grearer than that of the Role round 
which the Rope is wound» The extreme Points of the 
horizontal Line, which the Rfcpe fucceffively feizes and 
tnnde dofe, are the Meafure of the Space that the Weight 
runs through. Now at every Point run through by the 
large Circumference, the Power mutt aft with the Strength 
t>f ço Pounds, in the fame Manner as the Weight make* 
the Refittanee of 500 Pounds at every-Point of the Spacb 
h rifes through ; which renders the Sum of the Efforts of 
the Power equal to the Sum of the Refittanee which the 
Weight oppofes to it. For the Power neceflarily runs flirri* 
ten Points whilft the Refittanee runs through one : But the 
Strength of 50 Pounds, ten Times repeated, or multiplied 
try ten, give equally the Produce 500, as the Refittanee of 
500 Pounds multiplied by one. 

When the Role, inftead of having a Wheel, isonlyfup- 
plied with Bars, the Length of thefe Bars will not always 
meafure the Dittance from the Prop to the moft advanta- 
geous Direction of the Power. This only happens, when 
the Direction is perpendicular to that Length or Diftance ; 
ts may be fcen hi the Advantage found tty One that draws 
M 6 up 
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v| Water frem a Well, when the Bow which hedepreflê* 
tc make his Pail afcend is horizontal,, the more the Extre- 
mity of that Bow is depreffed, the more the. Direction ap- 
proaches the Prop. Now the Advantage dimini flies îm 
Proportion as the Direction draws near the Prop : There- 
fore we fee that the Perfon that draws the Water, pulling 
Hill harder, and adding often the Impulfion of. his Kr.ee 
on that Bar* to the Motion,, he begins to give with his 
two Arms to the next Bar.. The Machine we fpeak of 
can have its Cylinder leaning on a Level, or placed hori- 
zontally, and then it is called a Role. If the Role be 
perpendicular, to the Horizon, the Machine is called Draw- 
beam and Capftane. 

We not only, have Occafion to remove and. 
F S*" 6 ' ra ^ e burdens; hut when they are arrived a^t. 
'*' * " the Height defired, we muft tranfport* them, 

from one Place to another, which, according to the Na- 
ture of the Place, is fometimes very difficult. The Mar- 
chine has been appropriated to that Ufe, by dividing it in 
two Parts, one whereof is a firm Support or Prop, and the 
other, . an Arm to turn round,, and equally prober to raiie 
à Burden to a great Height, and then transport it by turn- 
ing freely, all Ways, into any Point of the Circumference 
we want to place it. This Arm,. that thus raifes and 
' ftretches out any Way, like the Neck of a Crane, has. 
given the Machine the Name of thai Bird. 

On .the Baie 1, raife a. large Beam, kept upright by the: 
Props, and terminated in the Form of a Bodkin 4, which . 
is the. whole. Support of the Machine: The other Part, 
which is moveable, contains, Fifil, theN.eckA,,.furni(hed 
and traverfed in its whole. Length with Pins, which ferve 
as a Ladder to give Accefs to all the Parts of the Machine-; 
Secondly, the Drum C, with its . horizontal Beam B4 
Thirdly, the Brace D,.and the main Brace E, bored to. 
encompafs the pointed End of the Beam 4, infuch a Mari- 
ner as to turn round eafily with the whole Mechanifm,. 
whilft ihe- Support only lemâins immoveable. The Rope 
unwinds off the Role B,.and ruus over. the. Extremities ojf 
the three Braces, D, is brought from thence to the End of 
the Neck A, whence it defcends to be tied to the Load F. 
It meets in D and A, at the End of each Brace, and of 
the Neck,, with. as: many Pulleys; which indeed add no- 
thing. 
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thing to the Power» but only facilitate the Paflage of the 
feope, by fupporting it on movable Points, that caufe but. 
little Friàion ; for the Number of Points that rub the Rope 
u but final!,, and then they part from it every Moment. 

Several Men enter the Drum of the Wheel, and go for* 
ward by afccnding the In fide of the concave Circumfe- 
rence. Their Weight has almofl as much Power, as if it 
was fufpended in a perpendicular Direction at the End of 
the horizontal Radius, and by deprefling continually every 
Radius, which fucceed each other in that Situation, they 
raife the oppofite Radius of the Role. The End of every 
Radius carries up, in afcending, the Pont of the Rope that 
lies upon it ; and as many new Points as afcend off the 
•Surface of the Cylinder, Co many Pt ints does the Load go 
through in afcending. When it is arrived at the Height 
defired, the Wheel is flopped- This Wheel is like the< 
Tail of the Crane, and the End A is as the Bill. The 
Tail, or pofterior Part of the Crane, cannot be turned one 
way round the Nut 4, but the long Neck and Bill muft 
move with it in a contrary Way : And thefe two Parts be* 
ing in a kind of Equilibrium, the Load will be carried 
round with the Crane that bears it :- Then with, a few 
.Turns of the Wheel, contrary to the preceding, the Load 
is carried exattly to the Point defired. 

But what is the Expence of Power required here to raife 
thç Load ? The whole Weight is felt at the extreme Point 
of the horizontal Radius of the Cylinder, or Axle-tree of 
the Wheel B, and the Men in the Cavity of the Tympane 
endeavour to raife that Point. If they raife it, -they raife 
the Weight; if, therefore, the moving Power* and the 
Weight raifed, are in an inverfe Ratio of the Diftances of 
their Dire&ionsfrom the Axis*, which is the Support, there 
is Equilibrium.. Let us place four Men in the Tympane « 
They may weigh together about 600 Pounds ; which ûk 
hundred Pounds are as. perpendicularly fufpended at the 
End of the horizontal Radius or Spoke. 
. If the End of each horizontal Radius of the great Wheel 
be fucceflively lowered in a Direction fix times more di- 
ftant from the Axis than the Direction of the Weight* 
thofe Men will equiponderate a Weight five times nronger 
than they;, they will be able therefore to equal and cm* 

uer a three thonfand Pound Weight; lot if the EiFont 

which 
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which refaits from their Weight, aft* on die Wheel at the? 
Dilt&ttce of five Feet from the Axis, it is the Value of fix 
hundred Poaads, which wiii aâ five times, while the three 
thoufand Pound Weight, at the Diftance of one Foot from 
the Axis, aûs but once ; but an A&ion or ImpreiTion of 
three thoufand Pounds is the fame as five Actions or Pref- 
fions of Ax hundred Pounds. The Sum of the Efforts made 
by the final! Power in the great Traft, is equal to the Sum 
of the Refinances which the great Weight oppofe to it in 
the fmall Trad* : Whence rerults always this great Prin* 
ciple-of Mechanics, That when the Power and Weight are 
in an inverfe Ratio of the Spaces over-nra, or of die Di- 
stances of the Directions from the Prop, there is Equilibri- 
um : And where there is Equilibrium, the legit Strength 
fuperadded to it gains the Victory. 

As the Multiplication of moveable Pulley* 
Th * ^S^' facilitates the AcHon of the Power, and di- 
F% iT ' «ûnifiiea *e Atfion thereof, the Combinati- 
gt onoffeveral Wheels, with their Spindle,caA 

produce the fame Advantage, if a Wheel be driven by the 
Spindle of another. To perform this, the Spindle of the 
firft Wheel, and the Circumference of the fecond tnuft be 
notched. If the Spindle of a Wheel be notched on its Stir- 
face, into feveral Curves or Teeth, and the Circumference 
of another Wheel be divided into a certain Number of 
femblable Teeth, the Teeth of the fecond Wheel cannot 
he inferred into the Teeth of the Cylinder of the firft, 
without driving one of them by the Motion of the other \ 
The Iniertion of a Wheel into the Curves of a Spindle, is 
what we call Implicating a Wheel. The Spindle or Ar- 
bor, thus notched into a certain Number of Teeth , is called 
a Pinion. If the Spindle be of fome Length, and has, in> 
ftead of Teeth, a certain Number of Channellings, in the 
Form of Rods, terminated by two round Plates, thofe Rods, 
as well as the Teeth, can receive the ïmpulfiori and Impli- 
cation of the Teeth of a Wheel. Such à Spindle, or Ar* 
bor, changes then its Name of Pinion, into that of Nut or 
Lanthorn. Several Wheels playing thus by the Affiftance 
of a Lanthorn; or Pinions, are what we call Wheel-worit; 
The Cylinder of the laft of thofe Wheels, thus combined 
together, is without Teeth, 3, and receives the Rope ta 
which the Weight to beraifed is fattened. 

Pull 
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Ml -with the Power 5 the Wheel î 2 The 
Pinion of that Wheel moves, in afcending, *%. 1-$. 
en the Side of die Wheel 2. It drives the 
iameway the Teeth of die Wheel. This, therefore, to* 
gether wkh its Pinkm, moves, in defending on the op- 
polite Side, i. *. towards 3. The Teeth of the Wheel 3 
driven by the Defcent of the Pinion t, cannot defcend on 
the Side 3 without making the contrary Part aicend, fince 
it is always the Application of the Principle of the Lever* 
Therefore the Arbor of die Wheel~3 afcends, and wind» 
up the Weight 4. The Power 5 pulls and afcends, ac- 
cording to its own Direction : The- Weight 4, on the con- 
trary, a&ends againô its own Direction, with the Advan- 
tage of that difplacing. Can the Mover find here any Di- 
mmation in the Example of the moving Force, and whkh 
is the Rule of that Profit ? 

The Force of die moving Power is to the Weight as the 
Space paffed over by the Weight, is to the Spaces palled 
©ver by the moving Power. IftheRefiftance, the Weight 
4, has over-ran a Fathom, while the moving Powere 
unrolls a hundred Fathoms off of the Wheel 1 , there will 
be bat one Pound in 5 wanting to make Equilibrium with 
a hundred Pounds in 4. 

The Engineers are at Liberty to multiply the Pieces of 
the Wheel-work, and proportion the Leaves of the Pinions 
to die Teeth of the Wheels, according to the different 
Calculations, and diverfe Advantages they propofe tothem- 
ielves; We will be contented here, to aflèmble three 
Wheels ; and give the Pinions of the firft and fécond, and 
the Arbor or Spindle of the third, a Radius of 3 Inches ; 
to die three Wheels, a Radius of 30 Inches ; and fixty 
Teeth to the two dented Wheels : By this Proportion will 
be fumciently underftood the Rule which makes the other 
Difpoikions fucceed. 

It is very true and evident, that the Force of a Pound, 
and fome Ounces, can wind up a thoufand Pound Weight, 
provided it pafïès over a Space a thoufand times greater 
than that the Weight runs through, and repeats at each 
Point the Effort of one Pound, and a little more, againft 
the Weight. By that Means the Sum of the Efforts it has 
made in its Way, is round equal to the Snm of the Refin- 
ances, it is what we muft compute by the I>Hpofition of 
the tVheels, 2, 3, Fig. 19. The 
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The Radii of the Pinions of three Indies being,* with 
their Circumference, but one -tenth of the 30 Inches of the 
Radii of the Wheels and their Circumferences, while the 
Wheel 3, and its Arbor, make a whole Revolution, the. 
Pinion of the Wheel 2 r . and that Wheel 2 will make ten 
Revolutions. For it will be but after the tenth Revolu- 
tion, that the Pinion 2, which with its fix Teeth cannot 
drive more than fix of the Wheel 3, (hall end meeting 
with all the Teeth of this lafl ; ten times fix making up 
fixty. The Wheel 2, in its ten Revolutions, will have 
exhaufled alfo, in each Révolution, ten times the &x 
Teeth of the Pinion 1. If to make one Revolution the 
Wheel 2 requires ten in the Wheel i, this muft make ten 
times ten, or a hundred Revolutions, while the Wheel 2 
makes ten, and the Wheel 3 one; fo that if the Power 
was applied on the Pinion of the firfl Wheel, it would pafs 
over a • Space» a hundred times greater than that over-run 
by the Weight : But as it is applied to the Circumference 
of the Wheel, which is ten times greater than that of its 
Arbor, it will pafs over a Space ten times greater, and 
coniequently a thoufand times greater than the Space over- 
run by the Weight, Now the Proportion of the Spaces 
over -run eftablifhes the inverfe Proportion of the Powers ; 
Therefore if the fmall Power runs a thoufand times fwifter 
than the greater, a Child, with the Force of one Pound»- 
and fome more, will raife a Tun of Water weighing 
a, thoufand Pounds. 

The Profitarifing from the Wheel- work* 

Fi Zv. ' ** as engaged Memo make.diverfe Applicati- 
'*" * " ons thereof, eq ualiy ufeful . Hence all kinds . , 

of Mills, Jacks, Reels, and other Machines.- O^eofthe 
moft commodious, and belt contrived for unforefeen Cafes 
is the Jack. It confifls of a Box two Foot long, fix Inches; 
broad, and four thick, and containing .a Wheel? work com- 
pofed of the following Pieces. Nothing appears, on the . 
Outfide of the Box but a Handle, which makes an Elbow* 
placed near the Top of one of the large Sides of it, and 3 
dented Blade which comes out at the Top. The Handle 
is failened, Infide, to the Center of a Pinion j, which has . 
but four Teeth, which catch the Teeth of a Wheel 2, to 
make it turn round. That Wheel carries another Pinion . 
of four Teeth. An iron Blade 3, dented ia the fame .M.iti- 

* ner 
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ner throughout the whole Length of one of its Sides» and 
leaning on the Wheel 2, prefents its Teeth to thofe of the 
Pinion 2. When the Handle and its Pinion play, the 
Wheel and the fécond Pinion play likewise. 

The Coachman of a Stage-Coach, and a Waggoner, 
never fail carrying this Machine along with them, the one 
in his Coach box, and the other in his Waggon. He may 
thance to have in his Coach, Ladies, or other Perfons, 
without Strength and Dexterity. If one of his Wheels hap- 
pens to fink into a Slough, or break, how fhall he be able 
to lift it up, or make the Axle-tree e :ter the Nave of a 
new Wheel, without unloading his Carriage ? He takes 
his Jack, and without any other Help, undertakes, with 
Succefs, to reftore the Axle-tree and Carriage tô their for- 
mer Situation, either to roll, or receive a hew Wheel, if 
it wants one. He places the Foot of the Box oh a firm 
Ground, over a ftrong Piece of Wood : He firft fixes the 
End of the Blade, which is a little hollow, and made in 
the Shape of a Half moon, to that Pare of the Axle-tree 
which is the neàreft that which is broke. The Blade can- 
not come but of its little. Lodge, without lifting up both 
the Axle-tree and Carriage ; becaufe the Handle cannot 
play without lifting op the Blade, and confequeiitîy all the 
reft. But where (hall that Man find Strength enough .to 
turn the Handle, and conquer fuch'a Refiftance ? He could 
eaiiJy fupply a Strength equivalent to a fixty Pound Weight : 
And here he only wants a Strength equivalent to thirty. 

The whole Weight of the Carriage, which we fuppoft 
to be two or three thoufand Pounds, refis, now, on the 
Blade, and is felt by the Pinion of the Wheel 2. Let us. 
3*ive to the Semi-diameter of the Pinion the tenth Part of 
the Semi-diameter of the Wheel : The Hand of the Power 
applied to the Circumference" of the Pinion 2 would bear 
'the whole Weight of the Carriage : But applied to the 
Circumference of the Wheel 2, he would feel already 
a Refiftance ten times left ; and then an Effort equal to the 
tenth Part of the Weight would be fufficient. But the Hand 
works on the Handle, which is, itfelf, longer than the 
Radius of the Wheel; that Hand, therefore, will not feel 
there but the tenth Part of the Refiftance it would feel ap- 
plied to the Circumference of the Wheel", if the Semi-dia- 
meter of the Pinion 1 be bat the tenth Part of the Turn of 

the. 
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the Handle; For the Hand on the Handle is ten time! 
more diitant from the Point of Support, than is the Cir- 
cumference of the Pinion i, implicated in the Teeth of 
the Wheel. ^ 

The Radii of the Pinions being here as the ûnaU Arm 
of the Lever, and the Radii, as well of the Handle as of 
the Wheel, making here the Function of the great Arm, 
the Weight which exercifes a Refiftance ofa bundrecl 
Pounds, on the Blade 3, exercifes but the tenth Part ofa . 
hundred, or a Refiftance of x ten Pounds, on the Teeth of , 
the Wheel; and laftly, the tenth often, /'. e. one Pound, 
on the Handle : Therefore the Hand of the Carrier has 
in this Cafe ofa hundred Pounds refting on the Blade, but . 
the Weight of one Pound to conquer, and the Force of one . 
Pound to oppofe to it. If the Refiftance be of a thoufând 
Pounds on the Blade, he will conquer it, by .making 4 
Force often Pounds to aft on the Handle. He will feci . 
but twenty under a two thousand Weight, and lift up 
three thousand Weight with thirty. If it was neceflkry 
to double this Effort, and oppofe to the Refinance a Force 
of fixty Pounds, he will bring tip even above the Level an 
Axle-tree loaded with a fix thoufand Po*ni Weight. Thus 
the Wheel, and all that is wanting to it, is reftored ; the 
Jack is put in his Place; the Coachman is neither tired» 
nor in a Heat ; he mounts on his Seat, whips his Hbrfes, 
and the Coach or Carriage rolls. 

Now if we will examine the Rafiftarice of the Weight^ 
and the Force of the Agent on the Side of the Spaces over- 
run, we fhall find that the Hand muft run a hundred times 
fwifter than the Blade which lifts up the Carriage. For 
if the Blade 3 lifts up one of its Teeth on a Tooth of the 
Pinion 2, the Space paifed oyer by the one is the fame as 
that pafied over by the other. But a Tooth of the Wheel '. 
2 runs ten times fwifter, or paflès over a Space ten times 
greater than a Tooth of the Pinion 2. Befides the Teeth, 
of the dented Wheel runs no otherwife, than by being 
driven by fo many Teeth of the Pinion 1 ; and, if there 
are twenty Teeth at the Circumference of the Wheel, the 
Pinion will not exhauft them but by infertkg five times its . 
four- Teeth into them ; while the Circumference will make 
a whole Revolution, the Pinion will make five. Mow to 
implicate twenty Teeth once, or five times four Teeth, it 

it 
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I |s to over-run as much Space on either Side. Therefor* 

the Spaces over-run bv the Circumference of the Wheel z 
are equal to thofe pvçr-run by the Pinion i . But while 
I the Pwiion 1 makes five Revolutions, the Handle, which 

J is ten times longer, will pafs over a Space ten times great» 

I er : therefore the Hand that turns it will run ten times 

; iwifter than the Pinion i, and the Circumference 2 : Buf 

the Circumference 3 runs ten times fwifter than the Pi- 
nion z and the Blade 3 ; therefore the Hand over- runs a 
hundred times more Space than the Blade and Weight. It 
: is a Nèceffity, that ware the Weight makes a Refinance 

I of .a hundred Pounds on the Extent of an inch, the Hand 

repeats the Efforts of one Pound in the Extent of a hundred 
Inches. The Sum, therefore, of the Efforts it produces 
equal the Sum of the Refinances which the Coach oppofes 
in a Traft a hundred times lefs. Whence a Hand, traver- 
sing three, thoufand Inches, makes eafilv Equilibrium with 
a Refijlance which traverfes thirty ; if exerciiing eafdy * 
force'of thirty Pounds, which puts it in Equilibrio, with 
a Weight of tir«e thou/and, it adds one Pound, or *finall 
Effort more to the A&ivn oj thirty ; it conqners the thxe» 
1 , thpufand b far as to raife them thirty Inches, or two Feet 

and a haJ£ above the Ground. The Weight will^fcend 
Mgfrer, IF the Aftion continues. 

The Wheel- work has been happily applied to an infiT 
nity of other Ufes. It is applied to MiiJ-ftones, Cylinders» 
ana Hammers, ft is ufed to grind Corn; to-few Wood» 
or Stone j to pulverize the Matters which center the Com- 
pofition of Gunpowder ; to bruife the Bark of Trees, ufe$ 
to tan the Leather, .and render it impenetrable to Water î 
to pound Plaider, to mill Cloth; to pound old Rags, and' 
reduce thttn into Pap to make Paper of it ; to flatten Me- 
tals ; to bruife the Sugar-canes ; and to fevèral other Ufes, 
The Principle and Succefles of the Mechanics are found 
the feme in all thefe Inventions ; and though the Structure 
of the Machines be diverfified without End, Man fheyva 
thereby, ftill better the Fecundity of his Views, and the 
inexhaufUble Fund of his Dexterity, which confifts, espe- 
cially, in huftanding bis Strength, conquering great Qb* 
ftades by a weak Action, and making often Beaûs, and 
the Elements, fupply his Place. While he minds his do* 
X&eiliç Affair*, fir takes his Rejft, m inde&xigable Horfe» 

or 
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or the Weight of the Air, or blowing of the Wind^ or 
Fall of a running Stream, or even Fire itfelf, drives its- 
Pump. He finds, at his Return, or his Pond full, or his 
Corn ground, and ready to be made into Pafte. AH the 
Hurly-burly of the great Cities or Towns i« reduced to the 
Service of Beafts and great Machines, which work under 
Man's Orders or Directions, and for him. 

Two Sorts of Men are employed in thefe Works ; was.- 
Engineers, who have the Direction of .them ; and Handi- 
craftfmen, or Artifts, who execute them. Engineers are 
hot contented with compofing the Proportions of the Le- 
ver, and Spaces over- run ; they know that all Bodies are 
more or lefs, rugged, and in the Frictions of the one againit 
the other, are found Ups and Downs, Goings out and- 
Comings in, or kinds of Jolts; that the Refiftanceof thofe 
Inequalities to the Slidings, is like the Refiftance of the 
TeetH of à Saw rubbed againfl thofe of another ; that thofe 
Shakings . are like thofe of the Afcents and Defcents of* a 
Carriage on a bad Pavement ; that if thefe Afcents and 
Defcents, accumulated in the Extent of a League, are 
found by a like Calculation of the Value of 66 Fathoms of 
^perpendicular Height, which the Horfe would have had 
to conquer ; the Frictions therefore are a perpetual Source 
•of the Diminutions of Profit in Mechanics. It becomes 
very well the great Mailers, one M. DelUo*> for Example* 
to forefee every thing, to eftiiuate every thing, to a&gn, 
precifely, the Proportions. Gains, and Lofles. His Hy- 
draulic Architecture can even put the Reader in the way 
of Invention. 

The Workmen, or Artifts, have another Merit, *uix. 
that of following a Model propofed, or imitating a known 
Machine, in taking for a fundamental Maxim of their 
Conduct, that of hniihing always with Care and a curious 
Application, what they propofe to imitate: The only 
Means to give thj^Pieces their juit Quantity of Motion, 
and avoid the Miitakes which mult refult from the Rough - 
nefs of the Contact. 

* Itiftead of a Differtation on the Machines moft in Ufe, 
and the différent Tools of Artiits, I content myfelf with 
fending you their Figures, with an Enumeration of* their 
principle Pieces. It will.be no longer neceflary to mew 
you the Comparifoh of four Levers, more than thirty Feet 

each. 
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each? which form, the four Wings of a Mill, with a Lever 
of abolit three. Feet fbme few Inches, 'which are the Radius 
of .the Mill-ilone placed in Equilibrioon its Axis; nor to 
compare the Spaces over-run on either Side. It is the 
fame Principle every where. 

In the Execution of moil of thefe Figures, I have been 
happily aflifted by the Hand of M. Leander, a S*wedijh Ar- 
lift, and excellent Drawer, feat by the Court of Stockholm 
to take the Plans of the Manufactures, and other fine Efta- 
bliïhmentsin France, which was granted him without Jea- 
loufy or Reftfiftion. He has communicated to me lif'ty 
Draughts after Nature, where you will be furprized at the 
Choice I have made of the moil common Machines. They 
arc very well contrived ; and we feldom care tor fee any 
thing but their Outfide, and even that afar off. 

The preceding Machines, and a great Number of others* 
draw their principal Success from the Equilibrium found 
between a imall.fïower and a greater, wnen the fmall is- 
armed with a long Leyer againlt a fhorter, which ferves* 
as an Agent to the greater. Thefe Powers and Levers arc 
©ot always the fame, at each Inftant, in the fame Machine; 
The Percuulon of the Water on the Ladles, or of the Wind' 
'On the Vanes» can change. The Length and Direction of 
the Levers vary often in a tingle Revolution. When one 
of. tie Lifts of the Canting-wheel begins to meet with the* 
End of the Stay of a Peftle, thofe two jutting Pieces form 
a Lever. In Proportion as it aicends and move's forward* 
under the Stay, aie Line becomes ftraighter, and the Le- 
ver fliorter. . Therefore the Force of the great Lever of the 
Wheel is greater at that .Inftant : The more the Lift and 
Stay continue to afcend, the more they deviate from thé 
right Line and. advantageous Situation. The MecttanilV 
knows the 7.0 Pounds which a Cube Foot of Water weighs. 
He knows whether he gives one or two Cube Feet of Wa- ; 
ter, or more, ;to bis Wheel, and , what is the Length of 
his Wheel. . He eftimates .the Action thereof joi'ntiy with 
the Fall of Water which drives *t He knows alio how 
much a Peftle weighs, how much the Four which the Cant-' 
ing-wheei keeps up:.J*e compares the reciprocal Propi- 
tious of the Levers and Powers in all Situations and Cafes.- 
He knows them, and brings them to his End, ether by 2 
preçife Calculations* or repeated. Experiments. TheEnJ 

terjprize 
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terprâe of conquering great Refinances, is like a Cbil<* 
qucft which degenerates into Temerity, when we attetapf 
it without having foreieen the Obstacles, and calculated 
the Expence. 

After the happy Application of the Lever to fi> many 
Machines» which incrcaic almoifc without Limits, the 
Power of Man» and the Succefies of hi» Works* hew i» 
another Meaas, equally fimple and equally ttfeâîï in &tf 
Mechanic». It is the inclined Plane. 
_,. , i. When it is wanted to make a heavy 

Plane ^ ai " md * 0r t0 modw ** its Defeent ; if 

it marches in a light Line» without holding 

to the Ground, its whole Weight ntuft be fupported : And 

then the Power muft be equal or fuperior to the RefiffeanCd 

of the whole, to manage it» 

2. When the Weight is on aie Ground, the Line of its 
tall finds an infuperable Gbftacle, and cannot defcend 
lower ; it is fupported, and, ask were, repttliêdift £ Line 
directly contrary to that of its Gravity. Theft two Line* 
defboy each other, and the Body remains at Reft. It eait 
he taken from it and moved, either on an even Ground* 
or inclined Surface. If we want to move» it forwards on 
an horizontal Plane, the Thing is eafy in Proportion as 
this Body is terminated by a great Number of Faces very 
near approaching a round Figure : For leaning but on a 
finall Surface, and as on a Point* its Weight can be con-» 
çeived as a Line which fall? directly from the Center of 
the Mafs to the Poiat of Support. The Parts which are* 
diftanced from it on either Slide-are in a kind of Equilibria 
um, which can be difturbed by a vtfry fmall- Impulsion» 
and the Side which if not touched will give way, ta feefe 
a new Support. That Body will roll : Or* if it preffes th* 
Earth with a too great Surface, and cannot be dragged a-* 
long but with Frictions which multiply the Refinances* 
that Body is lifted -up on a Chariot ; the Wheels whereof* 
touching the Ground but byfbme Points, facilitate th* 
Removal of the ^Side oppofite to that of the Impulfion* 
Such is, therefore, the Benefit of fmall and great Wheels* 
They lend their orbicular Form to Bodies the* mod diitanf 
from that Shape. They diminish the Frétions in holding 
to the Ground but by a fmall Number of Points) and 
forming, on thefe Points^ a kind of a perpétuai Gcmnter- 

poife* 
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P°Hev thejr are always ready to obey the ArnV Jmpulfion 
which* fhali determine tfefent on on* Side rather than the 
mheiv . 

3. Between the Motion of Bodies which afeend or cU- 
fcead perpendicularly, and the March of the fame Bodies 
tranfported on an horizontal line, there is a third Manner 
of moving^ which is to move forwards on a Plane inclined. 
to the Hoffleott; for Example, on the Declivity of a Hill, 
or on die Flight of a Terrais. In this Cafe, the heavy 
Body is in Part fopported on a Litre by the Groond, ami 
in Part carried off on another Line by the Gravitation 
wkkh carries if to the Center of the Earth. 

Let u» prefc a very fmooth or even Floor with a Slick 
placed perpendicularly : That Sétk remains at Reft. But 
if we incline it when we lay it on- the Floor, it wilt Aide, 
and the «Ore it is inclined on the Floor, the lefs Refift- 
anee we (hall find. The$Une of Gravitation* which m aft 
be imagined from the Cerftfr of the Malles to the Bottom, 
•defcends perpendieal&rty on the Horizon* But if it meets 
With an inclined Ground, it becomes oblique to that 
Groutfd; therefore it mutt either Aide or roll upon it. A 
-heavy Body which Aides or rolls on a Declivity, is fb 
much more (apportée upon it, as the Line of the Ground 
is inclined to the Horizon, sua approaches the Perpencfr* 
cular. An inclined Ground gives therefore Means to m** 
nage the molt heavy Mafiès. Man-difcompoiês dexteroufly 
«he Weight thereof. He knows- how to make Part of it 
1?©ar on the Ground, reserving only to himfelf that Part 
Which kis in his Power to manage. Geometricians do 
not fail following this Difcompofition, and expreflmg it by 
Lines, whieh leads them te a Rule, as follows : 
Let a Power, whkh r. call P> keep up the 
Body R of a fpherical Figure on the Plane * Iate w * 
S H, according to the Direction CMP; Ft * u 
there wHl be Equilibrium, if that Power be to the Weigh* 
as the Perpendicular F D is to' the Perpendicular F A : 
i.ti there will ' be Equilibrium, if the Power aftd the 
Weight be reciprocally as the Perpendiculars FA, FD, 
carried from the Point of Contact F to the Directions C P, 
CF. 

I will have, if poflrble* the Weight R overbalance thfe 
Power P, and the Center G to/defcend iir g, the Direction 

MP 
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MP remaining always parallel to itfelf. From the Poiftè 
g, let g N be carried parallel to the Bafe HO : The Cea* 
ter C, in its Fall, will have drawn near that Bafe of the 
Quantity C E. Thus the Weight R will have over-run to- 
wards the Center of the Earth, the Value of the line C £ 
according to its Direction, when the Center Cfhall be art 
rived in g. Iikewife if we carry C g perpendicular to the 
Direction e P, the Power P will have over-run the Space 
G g, by acting againlt the Weight according to Directi- 
ons always parallel to C P : For the Po wer P tends dire&ly 
towards diftancing the Weight R from the Line G C per- 
pendicular to the Direction M P. But fince the Power P 
is obliged to yield, it follows, according to the Hypothe- 
cs, that the Space it will over-run, contrary to its own 
Direction, will be meafured, when the Center fhall arrive 
in g, by the Part g G of its Direction M P, included be- 
tween the Center and the Perpejfdicular C G, or, if you 
will, by its Equal C L. Therefore the Spaces over-run by 
the Power P and the Weight R, arc equal to the Lines 
CL,CE. 

The Direction CMP muft be prolonged fo far as to 
meet the inclined Plane S H at. the Point B. The Tri- 
angle g C E is femblable to the Triangle ECN, becaufe 
the Triangle g C N being rectangular, the Perpendicular 
C E divides it into two other femblable Triangles; having 
N common, and each a right Angle. As F D is parallel 
to Ê N, the Triangle C i D is femblable to the Triangle 
g C Ç. . Therefore the homologous Sides, #. e . which arc 
oppofed, in it, to equal Angles, are proportional. There- 
fore g C is to C F, as C £ is. to F D. The Hypotlienufc 
of g C E is to the Hypothenufe of C F D, as the fma{l 
Side of g CE is to the imall Side of C F D. 

Likewiie the two Triangles A C F, L g C, are fern- 
blable : For the Triangle. L g C, is fomblable to the Tri- 
angle C F B, fince the Angles in L and in F arc right 
Angle* ; and, befkles, the alternate Angles g C L, C H,F 9 
are equal. Tfte Triangles then, LgC, C F B, are fem- 
blable. But the Perpendicular f A divides tjie rectangu- 
lar Triangle C F B into two other Trlmgtes, alike between 
themleives, and femblable to the great one. Therefore 
the fmall Triangle A C F, being femblable to the Triangle 
C F B, is fou:*d lemblabie alio to the Triangle L g Ç. 

There- 
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Therefore the homologous Sides of the Triangles L g C, 
ACF, are proportional. Therefore g C is to C F f as 
C L is to F A : fiat we have juit proved, that g C is to 
C F, as C E is to F D. Ccrafequently C E is to F D, as 
CLis to F A: orPDisto F A, as CE is to CL. But 
we have fuppofed that the Power P is to the Weight R, as 
Ç E is to C h: Therefore the Power and Weight arc re- 
ciprocally, as the Spaces they over-ran, one of them follow* 
iflg> amd the other «gainft its own. Diredtron. Therefore,» 
^cording tOwhaï has beenfaidof the Lever, there is 
Equilibrium. . '■ • - 

.. Jf the Direaion M P of the Power P be piggg lV 
parallel to the inclined Plane S H, the Space j,v 2 , 
which the Weight R did over-ran in follow- 
ing the XXreâion of its Gravity, isalfo equal .to C E> and 
that which the Power' P did over-run againft its own Di- 
rection,: in moderating.thfc Fall of R, is equal to-g G : And 
we will ihew «Ko that theft Spaces are between themselves 
as the Perpendicular* F D/ F A; carried from the Point of 
Conrad F to the Direaions C E, and çC M P. Come- 
quently the Power and Weight are reciprocally as the 
Spaces over-run. Therefore there is Equilibrium» Bat the- 
Spaces CE, g C, conftitute with e£ a re&angmar Triangula 
g CE," femblable to the- Triangle H S O : Therefore, in» 
the Cafe of -an Aaion dire&ed parallel wife to the Bafe of 
the Plane, the Power is to the Weight as the Attitude: S O 
is to the Bafe HO; and there will be Equilibrium; It is 
what happens in the Aaion of the Wedge» Such are the . 
Proofs which Geometry farnifhes us with. Theft are of 
M. Urabaudy wha has treated, à in-.a very clear Manner, of 
the Equilibrium:' '' • . »' . 

We may obfervié, beGdésJ thatinithe firft of thefe three 
Difpofitions,.the Kjfedionxjfi^ei Pawerapproaching near- 
er the Perpendicular, than does the inclined Plane, it dpn't * 
receive from that Pteneifo r much; Service, as if it waVto . 
imitate the Inclination 'thereof. We fee in the third Difc 
poiitioh of G M P (Fig. z\ Plate IV.) that the Direction 
of the Power approaches hearer the Bafe than doea the. in- 
clined Plane, and has againft jtfelf the» Réfiftance!<of thd 
Plane, and Gravity.^' The moft favourable Difpofition h 
the fécond} where the Direôionof the )Potver'is parallel to 
the Plane, and theofifibrt pf that Power. diminishes., with 

•Vol. V. N ' "gM 
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«regard to the Weight, as the Length of the Plane increafes 
^vith regard to the Altitude,' 

But without having &ecour& to the Companion of the 
Lines and Triangles to £x that of the Power and Weight» 
Experience <has often fufficed to render fcnubie, and even 
to meafure the Proportions of the Powers which counter-' 
•balance each other on an inclined Plane. 'Our FHghts and 
Stair-cafes are -nothing «lie but inclined Planes; whofe In- 
conveniences incveafe ki rVopartion as they approach a 
Perpendicular. If we want to raife a Calk of Wine ona 
Dray, the Dray is made with an inclined Plane. If we 
want to transport a heavy Burden from a lower Ground on 
a higher, it is by joining the two Grounds by Means of a* 
Support which -runs ilopang; and the more the Declivity 
is -protracted, the greater is the Help. Whence we con- 
clude, by natural Geometry, that the .more «Ground the 
Power over-tuns by making the Weight afcend a tittle,* the 
moreita&sagainftit; or, which is the- fame, thst a feialt 
Power which traverfe a great Space can be equivalent ' in 
Force to a greater which traveriès but a miall one. The 
Carrier who fcês himfelf llopt by a moving Ground* 
where his Wheels are fonk as far as to the Axle-tree, doe* 
not deliberate whether he ihall fupport the Weight of his 
Carnage,. by drawing it put perpendicularly. His Jack 
has no Hold; and he «finds neither in his. Arms > nor in 
his Levers, any Means fufikient? for the Purpofe. ^B« 
without Matters and Calculation's, he has récooHè imme- 
diately to his Pick-ax and Spade : He removes the Ground 
from before the Jants of his. Wheels, and opens two fntooth 
Declivities. The furthertsffJie opens.them, and approach- 
ing a Level by their Length, the eafier the Wheels are dis- 
engaged or freed from the Obstacle.' fEhsiaft Example 
will make us uaderiland quite how the Meafure of this 
Help is fixed. ",• ■. j ; :■;-*» 

We want *a ^arry Cannons of three .thouâad Pounds 
Weight, or more, into a Citadel built on a Plain at the 
Heigh* of thirty Fathoms, and'fituated, on one Side; oit 
fteep Rocks, and on a- Declivity on the other. This 
Ground maybe veryfteepfc for Example, of 46 oar. 49 
Fathoms in Length,; by 30 in Height.;. or there may be 4 
Road whkh has fevejral Windings, and makes up^ by; that 
Means, the Value of 100 ox lapifatfcoais. .. Or it; will be 

.v . , % of 
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bffuch an Extent, as to render it naturally, very acceffible, 
For Example, of three hundred Fathoms always by thirty 
in Height; or of 500, or 4000. In all thefe Di (porti- 
ons, muft be conquered, Aril, the horizontal Diftance from 
the Place whence the Cannon is tran {ported to the Foot of 
the CitadeJ; .and fecondly, the Height of thirty Fathoms 
to Bring it to its Point, arid place it in Batteries* Three 
Hôrfes can fuffice to carry, flowly, a three thoufand Pouni 
Weight in an horizontal Line : There needs more or lefs 
Help or Succours to conquer the 30 vertical Fathoms ac- 
cording to the diverfe Difpofitions of the inclined Ground. 
In the firft, which is of thirty Fathoms Declivity by 30 
t>f Height, it would be fooner done to raife the Cannon 
with Pulleys and Engines, than to drag it oyer the fleeo 
tjround. In the fécond, Where the Road is 'lengthened 
into Ziczacs, we fhall bè obliged to add, to the ufïial Nura r 
T^er of Horfes, which would %e fufficient on the Plain, the 
Succours of three or four, more: On a Declivity of two 
"hundred Fathoms, or longer, we mall want fucceffivcly 
but two, or even one " additional Hprfe. Xàftly, on a 
Ground which will be of two, three, or four thoufand 
Fathoms, compared to thirty vertical ones where the Can- 
non is to be carried,, each partial Elevation which the 
Horfes gain on the vertical Line' from one Pace to. the 
other, is fo infighi6cant, And colts them fo few Efforts, 
that that long I^clivity. does not differ ^enfibjy from the 
horizontal Line; «and in this laft ÏMfpofition, the fame 
Number of Hôrfes which ferveon the Plain, will fcrve on 
the inclined Plane. On this is founded this new Principle 
of Mechanics ; That the Rejtjlance diminijhes with regard to 
ihe Power, 1»j the Length of the inclined Plane increajei'with 
regard to the vertical Height ; or, which is agreeable to 
the Principle of the Lever, that the Powers which ad oa 
an inclined Plane, are reciprocally between themfelvcs,, a$ 
the Spaces they over- run ; one of them according to its 
own Dire&ion, and the other againft its own Direction. \ 
' The fame Advantage is found, with the fame Propor- 
tion, in the Ufe of the Wedge ufed to cleave Wood, or 
any other Matter. The Wedge is nothing elfe but an, in- 
clined Plane. The Pexcuffion which drives it, is but a 
ttrong Preffion. The Diflentipn of the Borders of thq- 
Aperture ahrwers to the vertical Height, and the Intro- 
N Z duttion 
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duclion of the Wedge into the Woodanfwers to the Length 
of the Plane. The greater the Iruûnuation and the fm aller 
the Aperture are, the lefs RcMance- is felt by the Arm. 

The fame Principle is verified in the ,Ufe of Knives, 
Pins, Hatches, and all that enters with violence into what 
we want to iejparate or cleave. 

It is found in the Screw, which is alfo an 
J>lZ S iv W * inclined Plane, and leaning round a Cylin- 
Pi'l* der. There are two Sorts of Screws : The 

interior Screw, which has its Spirals or Fur- 
rows in Relievo : The exterior Screw, which has its Spiral* 
concave to receive the interior. The firft is properly called 
Screw, and the fecond, Nut; to it is added the Ufe of thç 
Lever. The Cylinder is driven, with its Spirals, in the 
Manner of the Axle-tree of a Hand-mill; and in Proporr 
tion as the Spirals of the Screw .enter the Nut obliquely, 
thé fcyllnder conquers, by Degrees, fome Points in the 
vertical Height, raifes wha't is a-top, and preffes perpen- 
dicularly what is underneath. The more thefe Spirals are 
inclined, and near one another, there is lefs Height to be 
conquered at each Inftant. It is a Convehiency like tha£ 
found at one's Arrival on a Terrafs extremely exalted, in 
turning on the Windings of fb cafy an Afçent, that it dif- 
fers very little from an horizontal Line. . In the Flight 
and Screw the Fatigue of raifing a Weight» or one's, own 
Body, to a certain Height, increases in Proportion as wç 
want tu diminiih the Length; what we want to gain on 
Time is loft on the Forces ; and Man has much more In- 
tereft to manage his Forces than his Time. 

Though the Frictions are great in the Ufe of" the Screw/ 
and Nut, in Proportion as the Surfaces whiclj touch one 
another are long, that Difadvantage, which is as an In- 
creafe of Length or, Refinance, is lepaired or moder. ted, 
iirft by. the perfect Conformity of the Height or Diameter 
of the interior and exterior Spirals in their whole Extent; 
fecondly, by the Length given to the Lever which makes, 
the Cylinder afcendor defcend : The Valuation of the Ser- 
vice of this Machine r,efults from the Companion of th$ 
Spaces over-run by the Cylinder and Lever. The Power 
is in an inverfe- Ratio- of çhofe Spaces,, the Frictions fet a-, 
part.' The End ôf thé Lever, and the Power applied to 
it, trace a circular Line, w.hich can be unfolded and re- 
duced 
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duced to a right otic ; the Lever, which is the Radius of 
that Circle, making a fixt Part thereof, and a little more. 
If the Compafs made by the Screw and Refinance in a per- 
pendicular Line is the hundredth Part of the Compafs 
made by the Lever, the Power of a Pound, applied to the 
Lever, will lift up a Refiftanceof the Value of a hundred 
Pounds applied to the Cylinder, or make it defcend. Such 
is the Meafure of the Succours found, though with une- 
qual Makes, in the Printing-Prefs ; in the Calender's Prefs; 
in the little Prefs-houfes, where, with the Aiftftance of a 
long Lever, the Head of a ibong Screw is lowered on a 
Heap of Grapes or Olives, which are to be fqueezed. 
,. I have faid, that this Calculation would be crofièd by 
fame Mif-reckoning in the Execution ; not becaufe we do 
not know the precife Proportion of the circular with the 
right Line ; our Method of reducing the Circumference of 
the Circle to three Diameters and fome Points, being very 
near fufficient for the Ufes of Life; but becaufe there is 
in moll Machines, and efpecially in this, unequal Fricliona, 
which décrive us of Part of our Hopes ; but Man is pretty 
well off, if endeavouring to conquer with one Pound of 
Force a ReMance of an hundred Pounds, he conquers but 
one of twenty-four» His Labour is yet much more to be 
valued if he has fprefeen the Waile. 

Befides the Friction of the Nut, the Screw has this In- 
convenience, that its Ufe is confined to the Afcent and 
Defcent of the Cylinder, and that Cylinder having but a 
very little Height, cannot lift up Burdens fo high, nor 
work at a great Diftance. There has been found a Screw 
which has none of thefe Inconveniences, and its Benefit 
has been increafed in ftch a Manner, that it appears like 
a kind of Prodigy, when the Wheel-work is joined with 
it. This Machine is called Endlefs Screw. 
. In the Screw with a Nut, one entire Revo- 
Iution of the Handle moves the Cylinder for- J^Jp}^ 
wards the Interval of one Spiral to another iv. i^.4.' 
Spiral 5 and the nearer the Spirals are one ' #1 
another, the èafier it is managed, becaufe of the Superio- 
rity of the Space traverfed by the Lever over the Space 
fraverfed by the Cylinder. In an endleé Screw the Cylin- 
der turns without going forwards or backward»; -but; a 
Wheel» whofe Plane is parallel to the Cylinder», or whofe 

N 3 Axis 
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Axis is perpendicular to the Axis of the Screw, oppofes its 
Teeth to the Spirals of the Screw. Thefe Spirals turning 
with the Cylinder drive the Teeth inferted in them, and 
flip from them, to meet them again by a perpetual Rota- 
tion. The f.»ft Advantage of this Machine confifts in the 
Compcrifon of the Space ©*e* -run by the Handle, more 
or lei» long, and the Space which parts one Spiral from 
-the ether. The fécond Advantage results from the Com- 
parifon of the Radius of the Wheel with the Radius of the 
Roller B, where the Weight A is fattened. Let us fuppofe 
an Interval between two Spirals to be as i , and the Cir- 
cuit fcrence.of one Turn of the Handle as 100. Let us 
fuppoib the Radius of the Roller to be i, and the Radius 
ci the. Wheel 5, /. e. five- times as long as that of the Rol- 
ler: The Radius of the Roller muft be multiplied by the 
Interval which is between two Spirals; and the Radius of 
the Wheel multiplied- by the Circumference defcribed by 
the Handle in one Revolution: The Proportion of the 
Power and Weight will be equal to the Proportion found 
between the two Produces. For if the Power, for Exam- 
ple, your Hand, was immediately applied to the Point C 
of the Wheel (P ate IV. Fig. 4.) your Aclion would be to 
the Weight A as the Radius of the Roller is to the Radius 
of the Wheel. If the Radius of the Roller is the fifth Part 
of the Radius of the Wheel, it fuffices that the Effort of 
your Hand, applied to the Circumference of the Wheel on 
the Teeth C, be the fifth Part of the Effort of the Weight 
A. But if ihftead of conquering that Refiftance by the 
Application of your Hand in C, you drive in C the Spi- 
Tals of an Endlefe Screw, you acquire a Force much fupe- 
ïior to the preceding one. Your Strength is now to the 
Refiftance, which it feels in C, as the Intervals which fe- 
parate rwo Paces of the Spiral Thread.* is to the Circum- 

* It is indifTeient whether the Pewer drawl againft an inclined 
Plane, or the inclined Plane drives the Power. All partial Actions 
of the Points of a Spiral againft the Teeth oppofed to it, are perpen- 
dicular to the Height of the inclined Plane» and parallel to the Bafe, 
But we have fcen above, that when the Direction of the Power, as 
. G M P, was parallel to the Bafe, the Power was to the Weight as 
the Height t> the Bafe.. Here, it is the Revolution of the Cylinder 
«which is the Eafe j and the Interval of one Spiral ta the other which 
«xprcfits the Height of the Plane,. 

ference 
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ference.defcribed by your. Hand applied to the End of the 
-Handle. If the Interval between two Spirals is but the 
.hundredth Part of the Circumference ckfcribad, ; ikavill be 
"enough if your Hand makes an. Effort of the hundredth 
Part of the ReMance found ïsl C Bat the Re/iftance found 
in C is, as we have feen already, but the fifth Part of th^ 
Ponderofity of the Weight A. Therefore it fuffices that 
theEfFort.of your Hand be the hundredth Part of the fifth, 
of the Weight A j or that that Effort be to the Weight A >< 
as l Found is to çoo. But thefe Numbers are, one the: 
.Produclof the Radius i, which is the Radius of the Rol- 
ler; and the other tjhe^roducl of the Radius 5, whichis» 
„the Raçlius of the .\tehçel ft multiplic4 by the Circumference 
^ioo, tçCtCompafe of; ):hçj Handle çom^are^ to the Interval* 
, of. two .Spirals. One 4>y -pee gives, one, and. five by a hun- 
dred gives, five hundred- # Therefore the Power is to the,. 
WeigEt as the Produce of theJtadius of the Roller, and of 
an jSteryal between two Spirals is to the Produce of the- 
. Radius of the Wheel and of the Circumference defcribed. 
by the Handle, of the Screw. , This fécond Advantage of 
I the Endkli Screw r çan be ûic/eafed \>y the Multiplication' 
. bf the ^heels'» by lengthening the, J^aiidle, and by ail Surfs, 
of favourable Proportipns-. .;■ ,\ 

• The third Advantage of this Machine is* that.it can a£fc 
at very great pittances. The Wheels combined with the 
Endleis Screw have their Axis and Roller, round which a. 
7 Roge or Cable can fpin, which will draw an enormous 
Weight, and from as gççat a, Defence as you will defire., 
; The findleft Screw, we fee f<? proper . to manage . the- - 
^ great ^eights which are to be tra^fporçed, is no lefs ufe- 
!iul to manage thofe whofeFaJl weayaot to moderate. We- 
find the Idea thereof in the common Jack; whofç chief 
Ufe, after that of expofing, with .Uniformity, to the Fire- 
. all the Sides of a Piece of Meat, is to lengthe» the Service 
. of the Weight by the Delay of its Fall.. This Weight .fei- 
lows the Slowneis of the firft Wheel, which accelerates Jtke. 
. Motion of the, fécond, becaufe, this makes as many Rèvo- 
, lu t ttons*s ; 4 Pihioivdoes in exhanfting aU the Teeth of the. 
firfl. Thus the Celerity increafes from Wheel to Wheel 
by the Infection of as many Pinions- All the Jmpetupfity 
of this Acceleration lies on an Endlefs Screw, which m©- 
. derates it, and is itfelf flackened in its Rapidity by two 
\* ' ' N 4 m. 
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or four Iron Arms* which bad the Cylinder of the Screw» 
and xtfiû the Motion of the Cylinder m Proportion of their 
length, and to the Mafs of Lead their Ends are loaded 
with. r 

The Screw or inclined Plane, which incompafs a Cylin- 
der, has taken other Forms of great Utility in the com- 
mon Ufes of Life. If the End of the Cylinder be ihar- 
pened, that Screw becomes a Gimblctor a Turret. But if 
Che fame Infhument be made ever fo Httle broader, it forms 
a Wedge of a very bad Ufe, which fpîits Boards, and dis- 
orders every thing. The Spirals of this Inftrument hav* 
alio been made (harp or cutting, 'and its Cylinder hollow 
a- top, in the Shape' of a Spoon, fo that the Tarts of the 
Wood, whole Place ts fupplièd by the Body of the Infini- 
ment, are no longer forced to contract thenifelves to giv*e 
way to the Body of the Screw. AH thefe Parts flip thr6* 
the Aperture of the Spoon, and no longer increafe the Re- 
finance. Such is the Difpofition of the Wimble*, Augers» 

* fcfr. We always find in them the inverfe Proportion of 
the Powers to the Spaces over-run : So that the Strength of 
the Hands which pierce a very hard Wood, wants only to 
be to the Refiftance, as the Progrcfsof the Screw into die 
Wood is to the Length of the Arms of the Auger. 

This Proportion of the Forces to the Spaces over-run ia 
found alio in the Coanterpoife of Liquors. MefT, Pefcal % 
Msriotte, and Belietcr, are thofe among us who have ex- 
plained with greateft Accuracy and Succefs, the Principles 
of the Static of Liquids, and Wafte of Water in all the 
V(e$ which can be made of it :• But this Part of the Ma- 
thematics, in which to great Progreffes have been made» 
is yet fubje&j in feveral Articles, to various Difputes. We 
discover daily, in it, newReafdns to aft with Circiun- 
fpcâion ; and the beft verfed in thofe Matters have the 
I rudence not to attempt the greateft Enterprifes till after 

• they have, by repeated Experiments, made themfelves fure 
: €*f Succefs. ■ 

7V> the preceding Examples, whereiy you fee fuffi- 
ciently, what Sort of Learning puts 1 ' Man m.Pofltffion 
of his Deme&e; I'll add but one more, to acquaint my- 
jblf of my Promife : Which is that, of the Penetration 
wherewith Opticians have obferyed the Procefïès of 
Light in i& different Fails, and, in - Conséquence there- 
i ' of t 
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of, regulated the Iaftruments, which multiply its diffe- 
rent Ufes. 
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LE T us begin by the Method of Opticians* we will- 
come afterwards to the Benefits reaped from it. 
Light falling on Surfaces which it cannot penetrate, and 
paffing through Bodies which tranfmic it from one Surface* 
to another, is fufceptible of various Changes. Opake Bo- v 
dies beat it back or reâecl it, at lealt in Paçtj^and dia- 
phanous Bodies do not fuifer it to pafs otherwife than in> 
bending the JLine it followed, or diverting, it out of its» 
rectilineal^ Courfe» j The Inflections it receive», either in v 
breaking in tranfparerit Bodies, or reflecting on the opake,, 
are fo many Angle*. The Accuracy of the Remai k$ of 
Optics on the Ëtfe&s of thefc Changes, depend entirely ont 
the Knowledge of the Angles formed by the Rays in their - 
different Inflections, or Bendings* Satllius and De/cartes* 
have, better than any body elfe, determined the Value of : 
thefe Angles, by inlcribiog them in their Circles, the. 
better to judge of an unknown Angle by the Affiance of. 
its Arch and Sine, or other known Lines ; but more -par- 
ticularly to eitablifti in all Cafes a confiant and aflignai le v 
Difference between the «Angle of Incidence; and that of. 
Reflection. By placing an Angle in a Circle, it may be 
known ; and to compare it with another, we mull employ « 
the Knowledge of the Radius, and that of the Sine, Tan- 
gent, or Secant. Or. we raufl be contented with confider~ : 
ing the Lines formed by the Rays and Surfaces, to take.- 
among them fembiable Triangles, whofe corresponding; 
Sides may be pat in a Proportion: So that the Knowledge } 
of feveral Sides, .or lèverai Angles, helps towards the Dif- 
, coirery of the bide or Angle which remained hid. And. 

N c whether 
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whether we approve of femblable Triangles, or employ 
the Help of Stnes, or other fubfidiary Lines, it is moÀ 
commonly the Practice to proceed by the Rule of Threes 
or of Proportion ; the Ufe thereof is of fo great an Ex- 
tent, not only in Optks, but alfo in all the Applications 
which can be made of Meafures and moving Forces, that 
we cannot help confidering Proportionnas one of the moft 
perfect Inftruments, of the Knowledge of Man. 

Proportion is a Combination of feveral Ratio's compared: 
together. The Proportion of a Line with another Line* 
cr a Number with another Number, is what we call Ra- 
tio ; the Ratio of 6 to 1 2, is to be half of 1 2 : The Ra- 
tio of a Line of 6 Inches to a Line of 1 8, is to be found 
3 Times in it. In the Ratio of 6 to 18, the firft Term & 
is the Antecedent of the Ratio ; and the fécond Term 1 S r 
. is the Confequent. 

We not only compare an Antecedent wîth a Confequent, 
but the Ratio or Proportion of the one to the other is alfo; 
ufefully compared with the Proportion of two other Terms, 
confidered at the Rate, one, of a fécond Antecedent, the 
other, of a fécond Confequent. For Example, 2 is half 
4, as 3 is half 6 : 1 is to 3, as 6 is to 18. Here the firft 
Antecedent is'i, its Confequent is 3 ; thé fécond Aritece-. 
dent is 6, its Confequent is 1 8. 

The Companion made of the Proportion, which is be- 
tween two Terms, with the Ratio found the fame between. 
two others, is therefore what we call Proportion : And. 
this Companion is moft commonly compofed of four diffe- 
rent Terms, which are the two Extremes, and the two 
Mediums. In this Proportion 1 is to 3, as 6 is to 1 8 ;. 
1 knd 1 8 rfre the Extremes ; and 5 and 6 the Mediums. 
- Often* the Proportion fubfifts with three Terms only; 
Ttecaufe the Confequent of the firft Ratio can be repeated,, 
and become the Antecedent of the fécond ; it ia called 
then a Mean proportional : As 2 is to 4, what 4 is to 8 1 
the Term 4 is the Mean proportional, and is repeated, be- 
caufe 2 is half 4, as 4 is half 8 : 1 is to 1 1, what 1 1 is 
to 1 2 1 ; becaufe as Unity is repeated eleven Times in Ele- 
ven, likewife Eleven is repeated eleven Times in 12». 
Eleven, therefore, is here the Mean proportional, fince it 
enters by Turns the two Proportions compared together. 

There 
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• TrtCere Relèverai Manners of ordering Pro- 
portions, which . all have their Application th^Propor^ 
and Utility. Lei us confider only the moil t j 01J , 
important Property of Proportion,- and the, 
great Ufe made of it. • The particular Property of Propor* 
tion cOnfifts in, that the ProthicVof the Extremes multi- 
plied by one another, is. the fame as the Produô of the 
Means multiplied by one another. In this Proportion, z 
is to 4, as 3 » to 6 ; the Extremes 2 and 6, being multi- 
plied by one another, the Product. is iV; and the Means 
4 and 3, being multiplied by one another, , give al'b 12. 
for aPrèïkiékr Becaufe it isv thé fame to multiply 2 bythe 
Double of 3, a&te multiply 3 by the Double of) 2 :. Like- 
wise S weÂyj' 2 ïs to 4, as 4 to 8 ? we find that 2, the 
firit Term» multiplied by 2 r which' is the other Extreme, 
produces thé fame Sum. as 4 by 4, which is the Mean pro 
portional; it is 16 on either Side; becaufe it is the lame 
to double the Double of four, as to quadruplicate the 
Double of two. 
■> This Equality of theProdufV of the E*- : _ Tf . 

jfefalhble>'*lfe great Advantage which has r 
deiuked; from this Obfervation, is toiafljfmble the three- 
fiiîft Ternlâ of a Proportion, andoblige the fourth, though 
ttnknown, to difeover kfélf. If three df my Servants have • 
eat this Year 80 Bufhels of Corn, how many Bulhefc wilL 
twelve of them eat the next Year? 3 is to 1 80 asj \z is to a. 
fburth Term, which I fearch, and I muft find it.- For* 
having multiplied both Means one by the other 1 , <u*«. 1 2 
feygovl. find 960; But if the ProducY of the Mediums 
be the famë>, what mnft be that of 3 multiplied by the 
Number whkh is tp-come ? As 80 is found 1 2 Times, oc. 
twelve .80 Times in 960; therefore the Number, of Times * 
I'll find 3 in this Produce mult.be the fourth Term I fearch i: 
Which will be infallible,' if that fourth Term multiplied^ 
by 3, whichfis'the firft Extreme, give the-fame Product. 
as the Means>gfre< ' I featch, therefore, , how many Times, 
g in 960;. I find it 320 Times^ But 320, multiplied by 
#> give the fame-PffcdncVotfo : Therefore 320 is.the.fourthi 
Term unknown brought to Bight; 

'This Operation, which is die famé in the Coaiparifon? 

«f Numbers,.Magaitudes> ah&Forcesjis called, 'you know,. 

N 6 " Gclderi. 
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Golden Rule,, by Reafon of the Valueof it* P$odu£iCn5. 
Whea there are feveral Proportions to be rôade, the Ex T 
preffion or Sign thereof, c>n be abridged by writing them 
in this Manner, i, j : ; ft .1,8: 3,, 80. i : w,;32o. An4 
when a Mean proportional vt employed in ifc it muft be 
wro.e thus : ,.r ; 25, 50, io0> inûeadoÇ 35, 50 : : ,joi 

Let us fee how Opticians work the Proportion tofupr 
port their Affertions. We will take for Examples, two) 
Proportions only. One whereby the Opticians, teach, to dp* 
termine all Sorts of Altitudes, with the Affiitance of a Miiv 
tour ; the other, whereby they explain why Bodies, mov.ed 
with the greateft Rapidity» appear at Ràft. r f 

1'. By iuppoiing the Equality of the Angle of Reflerioa 
with that of Incidence *, they eflablim a very fimple and 
intelligible Rule to judge at once of the Altitude or Height 
of a Steeple, or Top of a Tree, by the Infpeftion of a 
Mirrour. Take, iay they, a Pocket poking giafs or 
Mirrour, and put it on the Ground at the Place where yoaf 
begin to. fee the. Height of the Tower or Crçofa, wbofe 
Elevation you fe^rch. When by moving the Mirrour for* 
wards or backwards, you arrive at the Point, 
Tomcafure t f where from your .<?wa Height yo» perceive 
to$ &L : tEe Weather-Cock, . leave the Mirjour Jioxi* 
court of a Mir- fcontally on the Ground, and reckon theDir 
four. Plate fiance between your Feet and the Mirrour* 
XV. Fig. 1. thsn that between the Mirrour and the Foot 
of the Tower- Conceive or trace .three perpendicular 
Junes, and feparated by as many fmall proportional Parts» 
a^ you have found Jee tin thefe two Diftances, 1. A Line 
which wé will call h, andas the Height of the Qbferver ; 
a, the Perpendicular p to the Point of Incidence; 3. the 
indefinite Height of the Tower H. They are all three 
parallel. From the Height of the Obferver h, carry a 
Line to the Incidence p : It is the reflected Ray. Carry 
another Line under the fame Angle from p te fuch a Point 
of the indefinite H, as it will be abje to reach ; th« will 
be the incident Ray. Now this Incident Ray Hp, makes 
with theJUne H and the Perpendicular p, two.equal Angles, 
£oce they are alternate between Parallels. It makes, alfct 

See r/r.7, del* JVfcf. Vol. iy» Dialog, viii. 
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** many in its Reflexion between the Perpendicular p and 
th* Height of the Qbfervtr h. The Angle G is a right 
Angle in the great Triangle* and the Angle d is a. right 
Angle in the (mall Triangle. The Angle G and the Angle 
4 being ?each $f. 90 J>egfees, befid*a the Angles H and h 
toeing equal on. either Side> it; is neccfihry. that each Triv 
angle flipuld «»4. k* Exility with two, right Angles, by 
(^ Quality oft the two raftaining Angles D and p : There* 
fore, the great and fmall Triangles .are fembkhle, there- 
fore their Sides can be compared together, and the corre*- 
iponding Sides will be found proportional. ,. From the Bye 
ofthe Otferverh to the Horizon, let as reckon five Feet. 
From $he Line of the OVerves Jp the Incidence p,. let us 
reckon . the. final! Diftance |6f two Feet* Let us fuppofe* 
though the Figme be tod ûnall to allow here a juft Mea»- 
fore* tha* from , the Incidence where the Weather-cock is 
feenin tfc£, Point p» we have found. 70 Feet ta the Tower:. 
By putting thefe three firft Terms in a Proportion, we muâ 
find the fourth, which will exptefs (he Height of the Wea.- 
ther-cock. 

Therefore we will fay.: As two r Feet fmall Diftance ate 
to Sye Feet, the Height of the. Eye, thus 70 Feet gnat 
P^ic^.are to a fourth unknown Meafore H, : the Height 
of the We^ther-coclk* Let u» multiply the Means $ and 
70 one by the other ; the Produce is 350. In this Produd 
how, many Times the firft Term 2? 175 Times. . The 
firft Term 2 multiplied by 175, gives the fame Produce as • 
thetw o Means, <viz. 350. We have therefore the fourth 
3Term of the Proportion ; and the Weather-cock of the Py*. 
ramid is infallibly at an hundred and fixty-five Feet.from 
the Ground. Thus» without any other Preparation but 
that of acommon Looking-glafs, and a Figure traced in 
the Duft, we can» almbft in an Infant, determine all 
Heights whofe Foot is acceflible. 

2. Let us add another Example of the Cet- m ^ 
tainty which accompanies the Aflertions of w henB«iie* 
Optics. A Body, fay the Opticians, wiliap- wbomove : 
pear, at Reft from a Second to a Second, with with Cefcrity 
whatever. Celerity it turns, rûnnd ua> if. the . jPJ"/' * 
Space it runs over in the Interval of one Se- ? • .& 2 t 
cond, be to the Diftance it is found at, with regard to us, 
but as an imperceptible Taligçnt wi&*£6mpferiibn to the 
total 6inc. LeV 
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Let the Radios, which m the fame Thing as the totaf 
Sine, R; the Tangent, Tj the Secant; which terminates 
it, S. The Space rim over by a Body in Motion, is to the 
Diftance from this Body to the Eye* as 4he Tangent ia to 
*he Radius or total Sine. Now the Radios beinfc fuppofed 
-of ten Millions of equal Parts* and >tlxc Tangent, run over 
in the Interval of one Second beingfappofed df feven hun- 
dred twenty-feven Pari», only, «his -Tangent is an irifenfiWe 
apace :. The Secant in this Cafe is net yet fepafated forth© 
Eye from the Radius i Therefore the Body which has rut* 
over, though with a great Celerity, all that Tangent, does- 
not appear «moved in the Interval of two Seconds, and 
feems always actually at Reft. The Removal of the BodjÉ 
does not become fetoiible, but by the opening o£&e Angle 
beyond that Meafure we have juft marked. For Example^ 
the Tranfport or Removal of the Body in Motion wi& be 
perceived, when the Secant which carries it will be re- 
moved into V. 

Aftronomy proves the Truth of this Proportion *, andi 
fixes the Opening to be given to the Angle to render it fen* 
itble. A heavenly Body in running over, in 24 Hours,, 
the 360 Degrees of itsdiusnal Revolution, runs- over t£ 
Seconds of a Degree in the Interval of a; Second of Tknfe*. 
But that Space, though ve*f great in kfelfy becomes imf- 
perceptible and as nulK when compared *wkh the Diftance 
«f the heavenly Body from our Eyes : It is as a Tangent- 
of 727 Parts compared to a Radius or total Sine of ten 
Millions. Such is, by Calculation, the Proportion found 
between the Space run over from Second to Second by a 
heavenly Body, and the Diftance of that heavenly Body» 
But, . in Fact, that Space is ia&ntibfe y and as the heavenly 
Body, in the Interval of two Seconds,- over-vans no moro 
Aan fifteen Seconds of a Degree, k always- appears actually 
at Reft. Therefore it is. the fame with any Body in Mo- 
tion, and perceived in the fame Proportion. If the Space 
run over.be to the Diftance of the Eye but as- 727 to ten 
Millions, it is the fame Proportion as that of 1 to 1375; 
it is, as it were, a Nothing before a. great Reality. A 
Motion feen under wch Cir«umfUsices>is\ therefore imper- 
ceptible. - 

* Esther Regnault, Mitaem. . Coamfat» . 
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In this Manner Opticians Have taken tKe Pains to juÎHfy, 
afl they have propofed. Thefe l>emonftrations are. fëuûd : 
in the Works of Decbalks, Molimuxy Mu$jhenbrock r YztiMx. 
Regnaulu £sV. Bat as in ufihg the Proportions found be- 
tween the Sines,. Secants, and Tangents, thefe learned'Ma- 
thematicians have fappofed the-' Tames thereof ready made,/ 
without making them thfcmfelves ; we ca«, without "any •: 
Ri(k, leave them all the Calculations, and be contented 
with their belt Leffons. They are agreeable Truths, and 
ufeful Inftruments. 

Light is the Objyecl of Optfcr. We feef confhfedly the 
Prefenceof Light,, whenfome of its Rays, thrown at Ran- 
dom and without Order, enter our Eyes- We fee adiftintt ; 
Form when the Particles of Light, whicheiiter our Eyes,/ 
are difpofed in. them from, their Extremities, in the fame* 
Ordçr with the Points o£ the luminous Body whence. they 
flow, or the Points of the opake Body which has refle&ecL! 
them. We are going to fee, in a Sequel of Propafitiona, % 
how this is executed. 

i. Luminous Bodies 1 , like fbnorous ones,. _, p 
carrytheirAéUon all waysin the Sphere they of LgS . 
are environed with, and theSurfaces, which •* '* 

Light meet with,, reflefit it* like Sound, 

2. Lights like Sound, /whatever Pan it throws* itfelf in*, 
toy carries its Action on right Lines. 4,i 

3. It is becaufe the Lines of Sound and Light are right* . 
and do not decline fide wife, that you are fure, by oppofing 
to them fuch or fuch Surface, to infleft them, and make 5 ' 
them take a new Road, but always a. direct one, and ta- 
bling the Echo or Light to fuch or fuch a Point. 

4. This is the firft Foundation of Optics and Acouftics. 

5. If the Horn which a Hunter founds on this Side a* 
Mountain is heard in a Valley beyond it; if in a great' 
Wind you. hear the Sound of a Bell, which you fcarcely ! 
could hear before, it is becaufe the Lines of the Sound of 
that Horn have been infle&ed at the meeting of a Wood,, 
a Wall, a Rock, a thicker Air, one or two Leaves of a 
Tree, oppofed obliquely to it ; and one of thefe Lines at- ' 
rives, from Inflexion to Infledion, as far as into the Ears, * 
whither its former Road did not lead it. The Air heaped ' 
up by the Wind becomes a Surface capable to throw o- ** 
bfiquely, and in a greater Quantity, Lines of Sctand into * 

: Placed 
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Places where they were not to be felt at firft, becaufe they 
had arrived in them too much diverged or weakened, or 
had not arrived at all. Likewifè, if a Trace of Light, 
which cuts the Air hetween feveral Clouds, or traveries a 
dark Room, is (ben fidewife, it is becaufe thofe Spaces are 
fall of Vapours, or of Pnïvifculae, maflive enough to reflect 
laterally fome Particles of thefe luminous Traces. They 
were not for you, and by that flight Reflexion you are in-, 
formed of their PafTage. 

6. All thefe Lines of Light are confined within their 
Principles, and their A&ion is ftrongin Proportion to their 
Benfity. The greater the Sphere is they traverfe after- 
wards» the more Room they gain, and their A£Uon is 
weakened in Proportion to their Divergency. 

7. The Rule of the Diminution of Light is in an in- 
verfè Ratio of the Square of the Diftance. If you take a 
Globe and cut it in two Halves, you have in each Half 
the Surface or Plane of the greateft Circle. In this Sur- 
face take a Portion included between two Radii and an 
Arch, and traverfe this Se&or by a Radius divided into 
three equal JParts, to trace upon it as many Arches : This 
Sector, andTconfequently die whole Surface or Plan of the 
great Circle, will increafe like the Square of the- Radius. 
In a the Square of the Radius of one Foot, multiplied by , 
I,, is 1. In b the Square of 2, multiplied by 2, is 4. ' 
In c the Square of j, by 3, is 9. Farther off, the Ra- 
dius of 4 Feet would, give 16; of ç, would give 2 c, an«L 
fo in thé Sequel. The Ratio of the Decreafe of Light is 
inverfe of the Square of Diftance : And if after having 
meamred the Diftance of the Hole of a dark Room, as ' 
far as to the Wall, you prefent at the Aperture à lighted 
Candle in a fmall Box, you will perceive that the Light re- 
ceived at one Foot from the Hole on a Sheet of Paper is- 
very ftrong ; that at two Feet from the Hole it diminifhes, 
not by Half, but by a Quadruple, 2 having 4 fora Square; . 
that thus, its Diminutions are like the Squares of Increafes 
of the Diftance, fo that where the Square of the Radius ii ' 
4, it is four Times lefs than it was at firft ; where the 
Square of the Radius is 9, it is, then, but a ninth Part of 
wi^tit was at firft; .and at four, five, or fix Feet, it is r 
but. a fixteenth, twenty-fifth, or thirty-fixth Part of what 
it was in coming out of the luminous Body. 

^ * 8. When, 
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' 8. When, on the contrary, the Rays of light, inftejd! 
of diverging, converge, and incline towards the fame Point 
in coming out as from the Bafe of a Cone to reach the 
Topi they grow ftronger in 1 Proportion as they approach 

. the common Point where they are to be re-united, and the 
Increaft of their Strength, is rail in our inverfe Ratio of the 
Square of Diibmce ; i.e. that Light goes then increafiné, 

: as 'the Square of Diftance goes diminifhing; fo that the 
converging Light ïs 4, 0, 16, 1 ç Times ftroneer, where 
the Dtfance with regard to the fame Point is found 4, 9, 
16, 25 Times fmaller than before. 

9. Of feveral Rays falling from the fame luminous Bo- 
dy, the moil direft, according to the two preceding Re- 
marks, is the moft acTive: For it is denfer fince it is fhort- 
<er. On the contrary-, the obliquous protracting themfelvta 
more and more, are alfo more and more diverged and ex- 
tenuated. Thus Europe, being considered as a long Sur- 
face, the Light of the Sun is fliorter and more a&ive on 
Spain and Italy, than on France ; more on France than on 
England and Holland; more on this, than on Sweden and 

' Lapony. 

^ 10. It is but a fimple Divergency which weakens Light 

~in .the lengthening of the Obliquity ; the Intervention of 
reflecting Bodies. puts it more and more out of its Road. À 
Vapour Munts its Vivacity: It fliakes, or feems agitated, 
Kke the Corpufcles which traverfe it; and a Fog can 
thicken fd far as to impede entirety its natural Fall. Care 
has beeii taken to ftudy the March of Light, to diredt it 

'' to our Advantage, 

it. -We. call Radiant Point, any Point i^ejuaka» 

-whence diverging Rajrs proceed* PomtT 

: ri> We call Focus the Point ofCortcourfe _. p 
where the" convergent Rays concur or meet. ** 

1 j. In a dark Room; and quite fbut to 
Light, you can contrive in the Window a The Image of 

• narrow Aperture, on a Plan parallel to that the Suff « » 
ofthe;3ùn: There will be found two Cones darkK *>*' 

• of Lighropjrofite to the Vertex 5 m one cqmpofed of Rays- of 

* tighrproceeding froin tWBbrders of the'Suri, as far as ta 
the Aperture; the other compofed of the fame Rays, which 
from the Point of dpncourfe, where they interfeft each 
other; enter tterRfcom in diverglrig by Degrees, àndfâU 

* low 
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4pw in it a Road contrary to the preceding, one» after they 
have crofled each other. Cut tais laft Cone, by opposing 
a Pafteboard to it. If you oppose it parallel to the Plan of 
the Sun, you'il perceive on it the Image of the Sun, or the 
Bafe of the Cone perfe&ly circular. . If* tie Pafte-board 
cuts crofs-wife, and without any regard to the. Àîpeû of 
the Çun, this finall Cone of Light, .-you'll fee on- the Eafte- 
board the fame Image,, but irregular and lengthened: 
Thefe are two Conic Se&ions. J ' Let us nhderftand ourfelves. 
This (mall Pencil of Rays, which from its Point, placed 
at the Aperture of the Window, grows always wider and 
wider, is like a Sugar-loaf. Cut that Loaf fo as all the ' 
Points of your Slice be equally diftant from the Point on 
Top, it is a perfett Round. Take off a Quarter of the 

4 Loaf by cutting it doping, it is an QvaL ;/ . , . „ 

14. That Image of the Sun appears^ inverted» . becàufc 
the Ray which proceeds from the upper tart of the Sun» 
defcends into the Room on the Paper or I aite-bôard; and» 
that Ray which proceeds from the lower Part of the Sun» 
afcends. That which comes from the Right to the Aper- 
ture of the Window, crofles that which comes from the 
Left, andpurfuing their March: into the Room, they ( are 
ail found on the Image,, in a Situation contrary to the, pre- 
ceding one. . ' V ;. ; . 

15. It is for the {âme Reafoh, that if you leave but a 
fmall Aperture at the .Window, you'll fee the Obje&sof 
the Street painted on the oppofite Wall; but thePi&ureis 
inverted, becaqfe the Ray that comes from the. Threihold 

' of the Houfe, which is over-againft your Windows, reap hes 
the Top of the Image ; the Ray which cornea, from, the 
T«p of the Houfe reaches the, lower Part thereof; that 
which comes from die Right to the Hole, paflea on, the 
Left of the Figure ; and thus of the others. This Image 
is weak, becaufe a Multitude of other Rays reflected by 
the neighbouring Objefts» and forming other weaker 
Images on the Side of tjiis, traverfe it, and, render it 
cloudy. We will fee how it can be rendered more çerfeû, 
by diflipating thofe fuperftuous or foreign Rays,, with the 
Afliftance of a lenticular *Glafs A which difperfea the. £upej> 
fluous, and approximates the good Rays». 
\ [ l6. In the Image of the Sun,' taken with Care*, one 
Can obfeive the Spots-,of the Sun, fee their. Progreffes, and 

Removal* 
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Removals at different Days, reckon how much 'Time eTaj>£ 
ffes between the Moment wheu a Spot difappears, in pauuig 
finder an Edge of the Sun, and that when it appears again 
on the oppofite Edge. Thus we can knovy how many 
Days and Hours the Sun takes in its Revolution round it- 
felf. We can compare the Cone which extends from the 
Image to the Aperture, with the Cone which extends from 
the Aperture to the Difk of the Sun. We now put in a 
Proportion the Sèmi-diameter of the Image, its Diftance. 
from the Window, the Diftance of the Window from the 
Sun : And by thefe three firft Terms*, which we pretend 
to know, arrive to a fourth, which is the Semi-diameter 
of the Sun. The Semi-diameter known, gives the Sur- 
face of the great Circle, and the Circumference. Thi* 
will lead you as far as the Solidity. You will be able to 
know, within a fmall' 'Matter, how many Cube feet. of 
Matter the Sun contains. - This ïmage can alfo ferve to 
fomething much more ufeful. It is divided into fmali 
Parts very well numbered, and on thefe Lines are meafured^ 
with great Accuracy, the Entrance of the Shadow of thé 
Earth on the Difk of the Sun, in an Eclipfè ; thé Progreft 
of -the Shadow; the Duration of its Paflage, and the. very 
Moment the Sun appears entirely freed from it/ The Difr 
ference of the Hours when the fame Event was obferved 
at different Places, (hew* greatly by how much thé Place 
of one Obferver is more E8ft than that of another* and 
ferves to perfect Geography. 
- 17. When a Ray of Light falls from a 
Medium on another Medium, for Example,' The R«tefon* 
from the -Air on a Mafs of Cryftal, or the 
Surface of Waters there are Cafes where that iight is re- 
flected whole; and others, where it is reflected in Paît, 
and in Part received in the new Medium. 

18. What falls perpendicularly on a. Surface and, reflect 
upon, it, raifes along the fame Perpendicular which has di* 
reeled its Fall. 

19. The Part of the luminous Beam, which refle/b on. 
a Surface as E, after an oblique Fair, raifes in the faîne 
Obliquity. Fig. 4» 

20. The Angle, made by an oblique Rajr -,./." - 
of Light with the Perpendicular, is the Angle J^^^' °* 
q£ Incidence 1+ 

*uTke 
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Th A el of 2I# The Angle, made by the line of Re». 
JUflexioo. pulfion with the fame Perpendicular, is the 

Angle of Reflexion R. 
. 2 2. The Angle of Reflexion is always equal to the Angle 
of Incidence.. 

23. The Ray, or Part of the luminous Beam which pe- 
netrates perpendicularly out of a Medium into another* 
traverfes the Second at the Perpendicular, and without In* 
flection, either by paffing out of a .rarer Medium into a 
denfer; a« out of Air into Cryftal, or out of a denfer Me- 
dium into a rarer, as out of Water into Air, and out of a 
thicker Air into a rarer. 

24. If the Ray arrives obliquely on the 
the Refiac- Surface of the new Medium N M which it 
.tto^aûd Di- entcrs> h Teliae,* f rom i ts && Direflions* 

^ r *' and is inflected either by approaching the 

Perpendicular, or deflecting from it. It makes with the 
Line, perpendicular to the Surface of the Medium where 
it is received, an Angle, fmaller or greater than that of 
incidence, according to the Nature of the Mediums. It 
is called Angle of Refraction. R, Fjg. 5. is 

Incidence I. 
. 2c. The Line of Incidence I* prolonged in the new 
^fedium, makes with the Line of Refraction R, a fmall 
tv*- • 1 Angle D, called Differential Angle ; becaufe 

Ande? 1 itihews in what the Angle of Refraction R 

differs from the Angle of Incidence I. 
Value of the z & m When the Ray I pafles out of a ran- 

Angles of Re- fod Medium, fuch as Air, in. the new denfer 
ftaftion ac- Medium N M, fuch as Water or Glafs, it 
ébrdiiig to the makes an Inflexion when it approaches the 
Mediums. Perpendicular, and an Angle of Refraction 

K fmaller than that of its Incidence I. 

27. When, on the contrary, the Ray, for Example R, 
being reflected from an Object which is in Water m R, , 
paflès into a new Medium lefs denfe than the Air, it break* 
according to the Line I in deflecting from the Perpendicu* 
lar. Thus it makes in the Air the Angle of Refraction I 
greater than R, of the Quantity of the fmàll Angle P. 

28. By the exact Comparifon which the moft celebrated 
Opticians have taken Care to make of the Sines of all thefe 

Angles, 



Of Optics- - 285 

Angles, we haver been rendered capable to eflablifh a con- 
fiant Pro£20idn between the Angle of Incidence and that 
of Refraction, out of one Medium into another. Thuf 
the Ray which paffes out of Air into Glafs, breaks in 1% 
under an Angle, which is, with regard to that of loci- ' 
dence, as 2 to 3. And then the Differential Angle is Half, 
or almdft Half the Angle of Refraction,, and a Third of 
the Angle of Incidence. At the Paffege out of fax into 
Water, the Ray is lefs infledted, the Differential Angle 
final 1er, and the Angle of Refraction a little greater than 
in Glafs. This is to the. Differential Angle as 3 to 1 ; 
The Angle of Incidence is to the Angle of Refraction in 
Water as 4 to 3 : Therefore it is to the Differential Angle 
as 4 to 1. Since the Angle of Incidence, which is equi- 
valent to the Angle of Refraction and to the Differential 
Angle together, contains, necéûarily, 3 and 1, by Com- ; 
pariibn with the two others. lf 9 on the contrary, the 
Ray paffes out of Glafs or Water into Air, it makes in the 
rarer Medium an Angle of Refraction, which has of Sur- 
plus what it had lefs in the denfer Medium. 

29. The Courfe which Light followed in pafling out ofj 
a rarer Medium into a denfer, is the contrary of the Courfe, 
it follows injepaffing out of a denfer into a rarer. Th* 
Refraction in the iirft Cafe being in the fécond the Line of* 
Incidence; likewife, what was the Line of Incidence inj 
the firfl Paffege, becomes the Line of Refraction in the 
fécond. 

30. The Angle of Refraction is great in Proportion aar 
the Angle of incidence is great, and they are both dimi- 
aifhed alike. , 

31. Several have very ferioufly pretended, sui^ eyeç ge* 
ometrically explained the Caufe of thefe Proceffes of Light, 
by a certain attractive Virtue, which they fuppofe inherent 
in the Surface of the moil maifîve Mediums, fo that when 
the Light enters it obliquely, the Direction of its Obliquity* 
is innecled by the Attraction. light plonges itfèlf more 
into it, than it would have done in following its firft Di- 
fection, and finks" when it approaches the Perpendicular ; 
Whereas, when it comes out of the -maffiye Element,, hi 
enter another rarer, and which /us lefs Attraction* the 
Ray deûe&s from the Perpendicular, an4 inclines always 
towards the attractive Surface. 

This 
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This is called leaving a Thing in a Place, and fayiàg 
afterwards, that it was round there. The Geometry add- 
ed to it proves nothing more. The Cotirfe of planetary 
Influences could be calculated and meafured: Thefe fame 
Influences could "be put m a cqmpromife with the local Vir- 
tues, which would be attractive in one Place, and repulfive 
in another, The Syftcm could be embellifhed by chang- 
ing, beyond certain Lines, the Attractions into Repulfions, 
and then imagine that we explain the whole Nature. Ge- 
ometry countenances all Sorts of Suppofitions, and puts in 
Order what it fuppofes, but does not demonftrate any Re- 
ality. It is necenary enough to obfêrve, that Light in its 
Inflections,, when it paifes out of a Medium into another, 
follows a. Rule contrary to that of other Bodies. A Leaden 
Bullet, or a Stone obJiquely hurled into Water, enters it, 
deflecting from the Perpendicular, and comes out of it, in 
approaching it in the Air. • It deflects from the maflive 
and attractive Body. What becomes here of Attraction ? 

32. This Proportion -of the Angle of Incidence, and of 
that of Refraction once known and determined, fome In- 
equalities excepted, which happen when the Angles in- 
creafe much, fuifiees to forefèe what will become of the 
Rays of Light, or how they will be inflected in different 
Mediums, without fearching for Caufe thereof, one that 
Fs'hid. ' ■-. • ! . 

11 33. The tranfparent Bodies which Light 

T r h r eP i afl ? ge traverfes can be plane, or fpherical, or plané 
a plane Glafs.' an( * convex » or plane and concave, or other- 
wife. Let us remember that we call radiant 
Point, that Point whence the Rays proceed which diverge; 
and Focus, thv.t towards which they converge. 

34. The Light in pafling obliquely from 
fig* A above the Object V through the Plane P P, 

which is a Lamina, or Plate of Cryftal, is 
inflected^when it enters it and approaches the Perpendicu- 
lar. It makes an Angle fmaller than that of Incidence : 
But in returning into the Air, on the other Side, it de- 
flects from the-' Perpendicular; and the Line of Refraction 
i» the Air, coming towards the Eye O makes on the Cry- 
M an Ancle ^equal to tKatof Incidence V. Therefore 
thefe two Liflèfe ire* parallel : And if feveral oblique Rays 
axe parallel between themfelves while they enter, they 
*■ will 
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V31 be parallel in all their Refractions, and àhfwer their 
firitPara<leHfm>in coming out. But if the Line, whereby 
«the Eye O perceives the Object, were prolonged, it would 
go in to j A$ not into »W And though the Object be in V 
the true Place, the Eye fees. it a iittle afide, through. thé * 
line. O A, in the . apparent Placé A. The plane Giaii 
makes therefore a Imali [Variation in the Sight of Objects ; 
notwitnitanding .w<hich, it removes, them but: a little, be- 
caufe all tnofe Lines of Light reaflume, in coming out, 
the fame Diipofitton [they had among them before their 
Entrance into the plane Glafs. , , 

35.: On the plane Surface of a plane con- , 
vex Glafs P, C, FJg. 7. let fall the perpen- The Axis. . . 
dicular Ray A, ,and its Parallel P. ■ The ' 
Ray &• 'by Proportion 23, pates out of Air into the Glafs; 
and out > of •- the Glafs into Air? without Inflection. Opti<- 
eiansvgive itthc JJame of Axis, becaufe it is as.unmove* 
able, while the other Rays turn, and change Place round 
it. iThe Parallel P P following the fame Direction in 
the plane Side, receives there no Inflection. But in paf- 
fing into Air at its coming out of the convex Side, it cont- 
eurs obliquely iwith the Perpendiculàrdrawri from the Çen* 
ter G Cm By PropfcAxion 27, if it mould enter the .Glafs 
obliquely, it would approach the Perpendicular . by one 
IhiftL of the; Angle of Incidence represented by the Angle 
st the Vertex I. . ■ And >y Proportion 28, it wfould deflect 
from it, h^re, by as much. The Differential Angle D 
leads the broken Ray auto R, where it concurs with the 
other Ray A, at a Diltance from the convex Glafs, which 
Ï&; found to he, worth. &3>iameter of the Convexity, or 
ïtouble the Radins drawn from the Center C C. ' ; 

- , $6. It follows from thii Proportion, and the 28th, that 
if tlhsRay ft takes the oblique Roadi*. D, 0/ thé Diftançe 
«fa Diameter .of the plane convex. Glafs, while it entera 
through the convex Side, it will make, in entring, a lefs 
Angle with the. Perpendicular, will become parallel to thq 
Ray A, and. come out perpendicularly to the Air to go in- 
to, P.P,, .without ceafing being parallel, to the Axis or per* 
pendicularlUy,A. . : .•• . •': , ■ t 

tvJ&l' Jfithe:para41el Ray P, falling on a plane Convex 
<on -the. -conveX;&ide, F$g> 8 . makes an Angle of Incidence 
«wthu ths Be>|wditular dxayiu from the Center C ; it . ap<- 
rt.»: ' proaches 
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proaches ftiil more while it enters. the Glafs* and maket 
with it a fmaller Angle. If it followed the fame Line in 
coming out of the Glafs, it would go to re- unite itfelf to 
the perpendicular Ray Ainr, at a Diameter and a half 
Diftance from the Convexity. But it breaks, anew at ita 
Arrival into the Air. - It deflects from the Perpendicular p, 
more than it is inclined towards r r and is reunited with 
the Ray Ain. R, a Diainetex Di&uice with regard ta the 
Convexity. 

38. In Confequence of what we have {aid Here» a Rayr 
proceeding the Diftance of a Diameter R, and arriving ori 
the plane bide, will come out parallel through the. convex 
Side;' / ... 

39. When the Glafs is piano-Convex, we find by the 
Measure of the Angles of Incidence and Refracuon* that 
Light, whether it enters through the Plane. or~ Convex, 
whether it prefents. itfelf by parallel Rays,' or tends to wards 
it by Rays diverging the Diftance of a Diameter; the 
Rays following very near the fame refpettive Jloàds on both 
Sides the plane Convex. 

40. The advantageous Sallies of Light out of the piano 
Convex, confift either in going towards the Eye by parallel 
Rays, or tending towards it at the Diftance of a Diameter 
by converging Rays. There are a great many R'ay§ va* 
riouily oblique, and which could either reforr to thé CëhU 
ter, or gather together beyond it, or even become vttf 
diverging. But as thefe Directions are not found proper 
to form clean Images in the Eye, it is needlefs to feek af- 
ter them. 

. . . We call a Lenticular Glafs* or Spherule, 

Glaifts? that wWch is *«*«»*•* ty ««> Portions of - 

- «Sphere, asL, Fig. $. The Ray we have 

tailed Axis, and which occupies the Middle of thé Fafd- 
cuius of Rays fuppofèd to fall on the Ferule, - traverses it 
without Alteration or Inflection, when it goes directly to 
the Center. The other Rays are oblique, either parallel 
when they do not tend* towards the Center, or all oblique 
with regard-to the^Convexity*. Therefore they will be all 
broke m it twice, once in entring, the 'other in coming 
out Of it, ânâ always according tp the ftulé of Propofition 
27. Therefore it will be no longer neceifcry to trace t» ' 
you, in the Figuret, the Perpendicular Wtyciv regulate* 

each 
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each Reflexion, nor the furd Lines which exprefs the 
March which each Ray would take, if it continued its 
Courfe ; that Multiplicity of Lines occaiioning a great 
Confufion. 

42. The parallel Rays PP falling on a Spherule, L, 
Fig. 9, are broke in it twice, and have the Center C for 
a Focus \ 

43. Therefore by Propofition 28, the diverging Rays) 
proceeding from the Center of the Convexity C, come out 
parallel as PP. « 

44. Thofe which are very, diverging, in proceeding, 
for Example, from the radiant Point D between the Len- 
til, and one of the Centers of the Convexity c, become 
lefs diverging when they come out as S S. 

45. Therefore thofe which enter it converging as S S, 
will converge ftill more at their coming out, and concur 
towards D. 

46. In a Word, the radiant Point being on this Si T e 
the Center towards D, the Rays come out diverging S S. 
If it is at the Center in c or in C ; they come out paral- 
lel P P. If, on one Side, it be more diftant than the 
Center Cor c, they wid converge more or lefs beyond 
the oppoiite Center, 

47. All the Points of Objects are Co many radiant Points. 
They have each their own proper Pofition ; they bave al - 
£0 each their proper Focus. Hence that Confufion of 
Images which deftroy one another in the Eye, by offering 
to it a Lentil beyond the Point proper to gather in a good 
Order Rays capable to form in it a vivid and precifc 
Image. 

48. The Ray P parallel to the Axis A, 

Fig. 1 o. paffing through a traniparent Sphere Q la Jfo 
is broke twice, and arrives in 4, which is 
one fourth, or thereabout, of the Diameter of the Sphere. 
For P by its firft Direction prolonged would arrive in I : 
By its fécond Direction 2, prolonged, would arrive in 3 : 
By its new Refraction in Air it arrives in 4.. 

49. Does the Point of Concourfe, which : i very near 
Ôie Fourth of a Diameter at the Diftance ot the tanfpa- 
lent Sphere, become a radiant Point? The Rays .will 
come out parallel. If the radiant Point approaches more 
the Sphere of Cry dal> they will diverge in coming out. 

Vol. V. O IF 
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If the radiant Point draws back, they may become paraf- 
lei in the Sphere, and come out converging, and the more 
it will draw bask, the more they will converge. 

50. The great Effeft of tranfparent Spheres and Sphel 
rules, is to gather the difperfed Rays. On the contrary, 
the Efie& of concave Gla&s is to difperfe. the Rays paral- 
lel or converging ; it is the EfFecT: of the iimple Concave: 
And theEfreclfcis Sronger if the Glafs be concave on both 
Sides, See in the Figure 1 u what becomes of the Paral- 
lel P P, and Divergings D. 

51. I» other GlaiTes, as plane Concave, in the Mirtifcj 
or JLunul», one. Side whereof is. convex, the other con- 
cave, &f c. Nothing elfe is required' every where, but to 
apply to eacli Fall of the Ray on- a Surface, the Difference 
known, which «oft arrive always between the Angle of 
Refra&ion,. and that of Incidence. ; . 

5 2. What pafTes in our Eyes k but a per- 
The Vifioa. petual Application of the- feme Rule, whkh 
in our Works, is a. pure Imitation of thé 
Rule of the Creator. 

Remember what has. been.feid*, of the three Chamber» 
which dwide the Eye. Thelitis full of an Humour 
called aqueous, denier than Air. The fécond is the Cry- 
{foiling, . afmall lenticular Body, denfe* than the aqueous 
Humour, and terminated by two Portion* of a Sphere, the 
anterior whereof is flatter, the ulterior more bent and 
lengthened; and the third full of a Liquor called impro- 
perly the. vkreous Humour, fmce far from. having the Den- 
ary, of Glafs, it is. much lighter and more ratefied than 
the cryftalline Subftance. When you know the Proportion 
of the, three Humours of the Eye ; you want nothing more 
than to fee in a Figure which repre&nts- them, what re- 
F- gular and conftant Changes muft happen in a 

inVîï! IV.' fiencii °£ Ra ? s > in c . on<iu &uig i* rrom one 
"■ * Point of the Otyecî into the Air, from the 
Air into the. Eye, and from Room to Room to the Bottom, 
of it. If you place, in. Thought, on the exterior Curva- 
ture ofi-each Room ©r, Chamber of the Eye, a Perpendicu- 
lar, tending, towards, the Center of that- Curvature, yau 
will perceive that the two laft Rays, whkh we may be 

* Vol IV, ûalpgu* viiL 

contented 
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contented to cônftder among all thofe which cotnpofe a Pen- 
cil of Rays, in paifmg out of Air into the aqueous Humour» 
will approach already a little, and afterwards Hill more i a 
the Cryftalline, fince they fink into thofe two Chambers* 
by making each Time a froailer Angle with she Perpendi* 
cular. They make it greater, afterwards, by receding 
from it, in the vitreous Humour, which leads them to the" 
Point of Union on the Bottom of the Eyej and all Pencil 
thus directed by the Refra&ions they are fubjeft to in the 
Eye, have each their proper Focus on the Bottom of the 
Organ. F*oai thefe Foci or Points of Re-union difpofed 
on the Bottom of the Eye, as are the Points ot the Object 
whence the Pencils proceed, refaits that Image which the) 
Mind perceives eredt and fnvgle, though it is double like 
(he Organ, and inverted on the Fund of the Eye. 

53. One Thing which appears to contribute mod to- 
wards rendering the Image clear and true, is the ciliary 
Ligamefrts found proper by their Detentions, Contractions* 
aud other Motions of ail kinds, to flatten, lengthen, and 
prefent different ways the CryftalJine which they fupport* 
which modifies t^.e Rays from one Inftant to the odier, re- 
aflemblctt them Xooner or later, and facilitates the Exa£U 
nefc of the Images, according to the Defires of the Soul* 
though without any Knowledge on its Part. 

54» The raoft celebrated Anatomifts,.- and others learn- 
ed, aje divided on divers curious- Qge&oas, which you 
may undertake to explain by yeurielf^ after you have 
formed a juft Notion of the nrfi Thing neceflary for the 
Purpofe. Therefore : 

That there are Images panted on the- Fund of the Eye, 
is certain ; but the Difpute is 0.1 the Seat of that Image ; 
fome pretending that: it is drawn on the Retina ; others bn 
diirerent FibriH». The radiant Crowns which luminous 
Bodies appear to be environed with, especially when we 
wink, proceed from the Manner feveral Rays fall on the 
Edges of the Eye-lids, and are carried into the Eye:, at the 
Extremities of the Image. But the Manner the Thing is 
executed is difputed. M. Rohault believes that thefe Rays 
a*e reflected on the gjoffy String which terminates the Eye- 
lids, and fend back thofe Rays from Bottom to Top, and 
fro» Top to Bottom* in the Eye, when the Eye-lids ap- 
proach one another. M. de la Hire pretends this is not 
O 2 done 
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done by Reflexion, but by Refraction ; becaufê the Eye- 
lids closed by winking fill up the Vacuity which parts 
them from the Eye, and form as a tringular Prifin, the 
Jnemal and Liquors whereof give a Paflage to fome Rays, 
and break them in fuch a Manner as to carry them to the 
Extremities of the Image traced in the Eye. 

Such are lèverai other Qaeftions made on the Means we 
tave Co judge of the Diftance of Objects; in which there 
remains yet iome Obicurity. 

55. We are miftakeh, perhaps, in the Party we efpoufe 
on thefe Queftions of Optics, by attributing to a Angle 
Caufe what is the Eflèct of feveral concurring ones. Here 
are fome of thole which influence moil the Manner of our 
being affected at the Sight of Objects. 

i. Objects, whiè Images are rery luminous and clean, 
appear to us nearer. 2. They appear more remote in 
Proportion as the Lineaments are weakened or dimmed. 
3. From each Object arrives on our Eye a Maft of Rays, 
which forms as an Angle, or racher a Cone, the Bafe 
whereof is on the Surface of the Object, and the Vertex at 
the Entrance of the Eye of the Spectator. Thefe converg- 
ing Rays diverge in the Eye, and become a new Triangle 
r or cone, whofe Vertex is at the Entrance of the Eye, and 
the baie on the Fund of the Eye. This is not contrary to 
Wiiat we have feid of the Pencils; which proceeding from 
each Point of the Object, grow larger and cover the whole 
Pupil; then are re-aflembled again in another Focus, and 
form alfo a tingle Point in the ocular Image. We consi- 
der no longer, here, all thefè Pencils together, but each 
apart as a iingle Line. Of the whole Mais of Pencils 
proceeding from the Points of the Object, we make, at 
prêtent, but one conic Pencil of right Lines, which inter- 
iêét.each other at the Entrance of the Eye, where they 
form of their Extremities the feveral Points of an inverted 
Image, and exactly conform to its Model, fince all thefe 
Ends of Pencils are fo many Foci, difpofed among them- 
selves like the Points of the Object. Whence it follows, 
that the greater is the Image, the Object is mod common- 
ly greater: It is what Opticians mean when they fay, the 
Object, feen under an Angle gi eater than the oih r, ap- 
pears greater : This is the Foundation of the Diminutions 
of Peripective. 4. It feems that our Judgment has a great 

Part 
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Part in the Manner we fee Diftanccs and Diminutions . 
While we are fenfible that Objects are extremely enlight- 
ened and very near us, an Angle, either fmaller or great- 
er, is not our Rule. Several Perfons of the fame Height» 
appear equally tall, though at an unequal Diftance in the 
fame Room. A Window we fee entire thro' a Pane of 
Glafs of our Apartment, appears larger than that Pane of 
Glafs, whofe ocular Angle contains, notwithftanding, that 
of the Window. We believe we fee a Cord dr_awn acrof3 
a Room diftant from us, the Window whereof is open j 
then viewing with more Attention our Cafement, we 
perceive the Thread of a Cob-web which crôflès its open- 
ing. That Thread carried by the Thought into an Apart- 
ment a hundred Paces diftant, was a Cord; feen where it 
as, without minding the other Window, it is an almoflr 
imperceptible Thread. 5. The Pupil contracts or dilates 
itfelf, as much as it is needful. The Images traced in the 
Eye more or lefs large, change the Impreflion of the Ob-* 
jc6t. A fmall Hole, made with a Needle or Pin in a Pa- 
per, hinders the Ray» of the Weather-cock of a Church 
from finking the whole Pupil of our Eye, and the Image 
thereof ditairilfhes, at once, by one half or three Quarters» 
The want of Light in the Dark, dilates fo much the Pu- 
pil, that the magnified and confuted Images we fee, point 
the Obje&smucn bigger, and fometimes frightful»' When 
the Sun or Moon are near the Horizon, their Light is 
dimmed by the T Interposition of â long Track of Vapours 
between them and the Eye. The Eye afteétéd with a foft 
Light dilates the Pupil, whkh muft render the Image big- 
ger than when the Planet clears up in its Elevation. It 
muft, on the contrary» appear fmaller in the Telefcope* 
becaufe the Diaphragm of the Inftrument-contra&s the 
Image, which a fmall Hole made with a Needle on a Pa- 
per, would ftill contract much more. 6. Habit, Expe- 
rience, and the Concurrence of the other Senfes, contri- 
bute much towards making us eftablifh Order and Correct- 
nefs in diftinguilhing the refpettive Diftances of Obje&s; 
Children, for this Reafon, appear to fee them, but very 
confufedly. All was in Confufion, when a young Eng» 
liftman, of 14 Years of Age, born blind, began to fee im 
1729, after he was cured by the Dexterity of M. Che- 
O 3 felden, 
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fiUtn *, who made on Kim the Operation of the Ca&+ 
raft, 

5 ç. The Refractions of light in the Htw 
The Catoptric pours of the Eye, and different Medium* 
Zùlt" rC " wWch rec * iv * k * produce Efecls, the Re- 
fearch whereof is called Dioptric. The Ef- 
fects of Light reflected by polished Surfaces give Room to 
another Confideration called Catoptric. 

57. As the confiant Proportion of the Angle of Re, 
fraction with the Angle of Incidence is the Foundation 
of Dioptric j the Equality of the Angle of Reflection with 
the Angle of* Incidence is the firft Foundation of Ca* 
top trie. 

58. All Bodies in Motion prcferve their Direction till 9 
fuperior Action weakens, or deiiroys the preceding one* 
Thus Light darted from a luminous Body, or reflected ça 
an opake one, preiêrves its Difpofiticn, till it be djfëpated 
0* otherwife inflefted by Surfaces otherwise difpofed : 
Whence it follows, that every Eye which fhall receive; ia 
Its Fund the Irapreffion of a Number of Capjllamenft of 
hight ranged by their End fts the Point» of tike op* ke er 
luminous Obje& which ha* dire&ed them, wiil co«^- 
quently fee <«hat Objeft. ,<, 

. 59. That Eye vfili fee the feme Objeél fi> many time» 
as a Maft of luminous Capilkmwts Jfaall ftrike it in tkt 
feme Order* 

60. According u> the Abundance of Rajs» ami theijr 
long or ihort Continuance in the fame- Order, the Image 
will be ftrong or weajt, 'clea* or cloudy. 

6t. Thus Rays which come immediately from the S*n* 
or light of a Candle mp my Eye, we dtfpoiied in it'Ukg 
thoft Bodies i for I have ao| only the $*nfatiQn of the 
light, but likewife that of the Sun a*d Candle, 

62. The Rays of the Sun or Candle refle&ed by tk* 
ûnall Surfaces which are without -Number <h* each Objecli 
are difperfed like thef* Swfaces, and retitrniag rço more 
to our Byesia the feme Order, ftow no more tha Candk 
ox Sun- 

* Wtf*6fh*»l Tf anfcfiww abridged fcy fyottti wi &&#** 

03. The 
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' ^3. "Tlie Rays fefle&éd on Objets (how thofe Objets to 
us, when difpofed in the Eye in a fufiicient Number, and 
in an Order refembling enough the Pitture of the Objeft 
wîiich has reflected and difpofed them, 

64. The Rays proceeding From a Pendulum, and car- 
ried on the Pidture of M. Pa/cat, orM. de Fenel™, are re- 
Healed all Ways on the Inequalities without Number of 
thefe two Pictures. The Coiitrivance of the Pendulum is 
difpofed for the Eye, and receives, from the two Canvaf- 
fes, Maffes or Groups of Rays difpofed in Order like the 
Features of thefè two, the greateil Genius's of the laft 
Century. 

65. Are the Rays which proceed from the Pendulum 
and the neighbouring Càndlè carried on the Glafs of a Pa- 
ftel ? Then, according to the Situations in which I place 
myfelf, I fee the pendulum, Candle, Glafs, and Paftel ; 
the Flame of the Candle ftrongly, the Paftel neatly, the 
Glafs and Pendulum weakly, whence proceed the Le DifV 
ferences ? The Image of the Flame is itrong, becaulè it 
is a luminous Body which emits many Rays. That of tha 
Paftel is ntât, becaufeit communicates its own Order to a 
great Quantity of resetted Light. The Gkfs is feen on 
all Sides, becaufe it has yet Inequalities which refled tha 
light all Ways. But the Afpca fc weak; becaufe having 
been polifhed it has loft a great Number of its Inequali- 
ties ; and the more finished is its Politure, the lefs proper 
it is to (how itfelf. It is made brown fo as to appear 
black, and, as it were, invisible. But the lefs Iifeauautiet 
it has, the more proper it is to refleft Light regularly on 
the Side oppofite to its Fall. The Sacking, which a good 
Gardener neaps up behind a File of young Plants, extend- 
ing itfelf between the South and North, fends back on 
them the Heat and Light on "the South Side. But if the 
Plant be withoot that Covert, and on a flat Ground, the 
Sun's Rays which fall at the Foot are diffipàted Northward 
in their Refilition. Thus Light falling on a rugged Sus» 
Face, finds in it, not only a Backing, but Millions of Back? 
ings, of Hillocks, and Curvatures, whofe Varieties it imi- 
tates in its Refilitions But does it fall on a Surface ex- 
tremely polimed ? Its Refilitions become then regular. 
The Renettion, not on all the Parts, but on a great Num- 
ber of the rugged Parts, becomes then like the Incidence. 

O 4 Theie- 
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Therefore if you are placed with regard to. the G 1 aft, like 
the Pendulum and Candle with regard to the fame Glals, 
you will receive Rays, which will be difpofed in their Re- 
flection, like in their Incidence. You will fee yet, there- 
fore, the Candle and Pendulum ; but of thofe oblique Rays 
proceeding from the Pendulum, there are agreat many more 
admitted ucto the Glafs, then reflected towards your Eye ; 
and the Image will be weak. 

66. Let us take off the Picture in Paftel ; and fpread 
under the Glafs' a Lay of Quickfiiver, and add to it a La- 
mina or Leaf of fine Tin : The Tenuity of the Grains of 
thefe Metals difpofe them to fill exactly all the Inequali- 
ties or Cavities, which remained in the other Surface of the 
Glafs, though equally polifhed : The Rays, inftead of be-, 
ing tranfmitted into the Air through the Glafs, find the 
PafTage fhut by a Surface fmooth enough to make them 
refiliate eafily under an Angle equal to that of their Fall. 
This Glafs is become a Minour or Looking G lafc. Let 
us place this Mirrour where the Paftel was, and ourfelves 
towards the Right, with regard to the Mirrour, under the 
fame Obliquity of the Pendulum on the other Side ; fince 
in that Pofition only, the Refilition of the Rays proceed- 
ing from the Pendulum placed on the Left, can affect our 
Eyes, the Return being always like the Incidence. Of 
thefe oblique Rays few refiliate at the Point of Incidence, 
and mull produce a weak Image ; the others much more 
numerous are received into the Glafs, broken at the En- 
trance e (Fig. 117.) towards the Perpendicular; and the 
Line of Retraction becoming in the Glafs a Line of Inci- 
dence i on the other Surface of the Fund, the whole Mafs 
of Rays refiliate regularly upon it, according to the Di- 
rection or Line of Reflexion r. Moft of them come out 
in s, and following in the Air the Courfe of their firft In- 
cidence, fince there they recede as much from the Perpen- 
dicular as they have approached it in the Infide of the 
Glafs ; they arrive in the Eye placed with regard to the 
Mirrour under the Obliquity of the Pendulum. The Re- 
gularity and Number of thefe Rays reflected on the Fund 
will give a neat Image ; but is that Image which appears 
iingle, really fo ? If what we have eftablifhed be juft, thé 
Image proceeding from s, fhould be accompanied with 
two or three other Images, more dim or weak, one on 

the 
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die Left E, proceeding from the firft Reflexion on the out- 
ward Surface» and from the Point e, very different from 
s ; the other on the Right D R, proceeding from the laft 
Reflexions. In fad, the broken Ray 1, and refle&ed on 
the Fund» does not pafs whole in s towards F; a fraall 
Portion thereof is refle&ed towards d, and in this its Pro- 
greffion from one Surface to another, thefe laft Reflexions 
become triple, and fometimes quadruple, then arrive in 
D R, one weaker than the other. What flows here from 
the Principle, is juftified by Experience. For though in 
Day-time, we moil commonly fee but the Image proceed- 
ing from the Bottom r s F, which eclipfês all the others by 
its Radiancy; if notwithstanding, inftead of an Image 
formed by a Light reflected on the Obje&s, fuch as the 
Image of the Pendulum, you employ at' Night a luminous : 
Body emitting vivid Rays, you will fee what I have fore-, 
told. A Candle prefented obliquely, and with the Left 
Hand to the Miirour, will form m your Eye, placed other- 
wife in the fame Obliquity, a vivid Image F proceeding 
from the Fund. On the Left of F will be another Image 
E, proceeding from the outward Surface, but it will be 
dim, and- coalefce 'more or lefs with the flrft F. On the 
right of F will be the Image of the laft Reflexions D R, 
but weaker (till than E, and repeating itfelf three or four 
Times, -and always becoming weaker and weaker, as in 
the Figure 14. The thicker the Glafs is, the greater will 
. be the Diftance between each Image. And on the thick- . 
eft Glafs as on- the thinneft, thefe Images will approach' 
one another, fo as to coalefce in Proportion as the Candie 
takes a lefs oblique Situation, and at laft the Reflexion of 
the outward Surface will be made on the fame direct and ' 
perpendicular Line a* that of the Fund is made. This is 
what appeared to me to flow from thé Principle, before I 
had any Knowledge of the Phenomenon of the Light of 
a Candle tripled, as I have explained it here : And after I 
had traced the Figure 13, I prefented the Light of a 
Candle inftead ôf a Pendulum to feveral Mirrours, all 
which reprcfented to me a itrong Image, accompanied^ 
with two weak ones *. The lail Reflexions follow fome- 

* T thought this Remark new, but I have juft now found' it in 
Mujcbcnbntk. 

>0 ç émes 
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times, the principal Image, to the Number of fcuf or ffve^r 
in. becoming weaker and weaker. The ùsfie Light pre>.-- 
fented obliquely to the Surface of Water poured iatQ * 
Bowl fhould, in my Opinion» lofe raoft of its Rays, absorbed, 
under the Surface ; and the Image reflected on the Oatfide 
be therefore dim and angle; which, in Faft» happens. : 

67. Let ua lay afide, atprefent, the double Surface o£ 
the Glais, and fee in what, Point the Image» tefle&ed by 
the Plane Mirrour, will reprefent the Qtyeft. Let the . 
plane Mirrour be M M, Fig. 14. The radiant Pointa or 
real Object Q, the Point of Incidence I*, the line of Re- 
flexion R, the fame Line of Reflexion prolonged iadefi- . 
nitely P. It is in this lengthening of the; refected Ray 
R P, that the Eye will fee die falfe Ohje# or Jwage of Q > 
and will fee it in a Point of thatLme. a* rmwfr diilaat. 
from the Incidence I, as is the Point O ; Therefore tfee- 
Eye will fee the falfe Object in F and placed beyond the 
Mirrour, as the real Object O is placed this Side the Mir- 
rour. The Pofitioa of the imaginary Fecu$ F is found 
by. a Perpendicular drawn from O into M, ajnd prolonged 
foas to concur with R P in F, dius forjain^ o&ei&er&de: 
equal Triangles, where the Focusv F anfwers to 0. 

168. If we place two Glaflès near one anwjtfi* and up* 
right on the Tame Plane, the Object wilt be painted qbl 
tjiem as on a fingle Surface, though half of it on (me of 
the Gkttzs, and the other half on the other Glafc, accord* 
ing to the Manner the Object appeals befote t&ein; and: 
the Separation, of the two ftlafll^ will trayeiffe the Image? 
without rendering it irregular. But if federal Mirreuiv 
or Fragments of Mineurs,, make together different Planes», 
or one of them alefier Angle with regard, tp the o^bce* 
there will be then, as apany Images a* there are difiefeat: 
Pieces of Glafs. For the Images are multiplied like the* 
Reflexions» the Reflexions like the.Iacideac.es,, and the In- 
cidences like the Planes, 

6%. The convex or concave Mirrour, being » Portion* 
pf a convex, or concave Sphere, arid halving, therefore fo 
inany £nall Planes a* it has Pointy . fhould W ail Appear-; ' 
* ajuce give a$ manjjjipages as tfcepe are Plane* a#4 Petpen-,- 
diculars varioufly inclined : But theie Planes are infinitely 
frnall : Their Field is & little, that, all thev can do is to 
renect the Jtaiàge of à Point, But by their diverfe. In-, 

, . , . clinations 
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clinations they xSfperfe or coiteft the Rays' proceeding 
from the different Points of an Object, fe as to form Fi- 
gures fome times greater, fbmetimes finaller, fornetrmes di- 
Sorted, and fometunes romantic, the Catties whereof are 
found in die Combinations of the Circutoftances to which 
the Principle of the Equality of the Angles of Incidence 
and Reflexion can be applied» 

jo, Prefent a Figure or lucid Body to a fphertcal Glafs, 
whether convex, or concave» or ey&adricaly o? of any other 
Curvature : According, as this Ûb$rft recedes from the 1 en- 
ter, or approaches it, or places kfelf between the Center 
and Mkrour, or fhows itfelf more or W* ©blnjueiy, there 
refufcsfromitDifperfionsofRays, of Paiatietifns, of dif- 
ferent Foci, of Inverlions of Images, of diminifhed Fi- 
gures, of Figures- nreftftnrafty magnified» fometimes di- 
ftorted, and in Appearance romantic. If, for Example, 
the Forepart of a Mirrour be plane, and the other $td* 
coavexed and filvered, this Difpo&tion renders it concave 
for the Light. If yon place y ourfèlf between this Mir* 
rour and the Center of its Curvature, yon will fee all your 
Features extremely magnified, because the Rays, which 
fall diverging on its firft Surface, arrive fiill more diverg- 
ing on the Surface of the Fund , and return to- the Eye nn- 
der a greater Angle» And this iocreafès the Field of the? 
Image. If you preient a, Candle to this Mi*ro«r, you with 
fee two Candles in it, often three : One of them in it* 
own Length, which is that reflected on the exterior Plane* 
the fécond very large, .and better marked, which? is that 
proceeding from the Bottom under a greater Angle; and} 
a third, which is ftill larger, ' but weak andcîeudy , becaufè- 
i t is that of the lad Reflexion from- one Surface to another,- 
If voir put the Eye at the Center of the Curvature, all thef 
Rays emitted from the Eye are perpendicular to the Con-' 
cavity, and the RefUUion being as the Incidences, the' 
Kays will return to the Perpendicular, anèyeu wtfl fee' 
only your Eye. Opticians have followed gradually t&de 
Figures* and demonitratedr that they were all the nSceflary 
Efte&s of the two Principles of Reflexion- snd Refra&ion, » 
differently combined, and applied according to Crrcarn-* 
ftances; Thefe Refearches have procured ua various &£*' 
fe&s of Light, which furprke when we do not know the* 
Caufe of the Extenuon, Inverfiosn, or Contortions wfcicfc' 
O o happ'e** 
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happen to the Images of Objects according to the various 
Proccflès of Rays. Hence very fmall Figures prodigiotifly 
magnified in the magic Lantern, by the great Divergency 
of the Rays. Hence thofe rough Draughts, or Cartoon*, 
loaded with cbnfufed Strokes or Touches, which, being 
expofed before a cylindric Glais, throws on that polimed 
Column a Figure of a gracious Attitude and perfect Regu- 
larity. But as we fearch here Effects of fome Utility, ra- 
ther than puerile Inventions, which* ferve only to amufe or 
divert us, we will pafs to the Inftruments which Opticians 
have invented, and the Succours Man receives from them; 

7 r. Mirrours and tranfparent GlafTes, the Concave, the 
Lenticular, the Spherical, and others, ferve apart, or to- 
gether. 

72. Every one knows the Ufe of the plane Mirrour. As 
it carries within itfelf the moft perfect Imitation of Na- 
ture, if, in a Clofet, which makes the Angle of a Bulld- 
og» y ou oppofe one, or feveral Mirrours in their Frames 
on the fame Plane, in form of Glafs Windows, to a Ribble- 
row of Rooms, that Ribble-row is feen double. If your 
Mirrours receive the Afpect of a Garden car fine Country», 
all thefe fine Profpeds are agreeably repeated. 

77. By the different Manners of oppofing a Mirrour to 
another, you obtain not the fimple Repetition of an Ob- 
ject, but a Multiplication of the fame Images, reproducing 
tbemfelves in immenfe Diftances, and almoft beyond the 
Sight. To have a flight Notion of the Poffibility of thefe 
Reproductions, place a Candle between two Mirrours ; the 
naked Light you fee paints itfelf on the Mirrour placed on 
the Right. That Image is reflected on your Eye, and on 
a Point of the Mirrour of the Left, where it forms befides 
a double Reflexion, <vtx. on your Eye, and on the Mirrour 
of the Right. Here is a new Diftribution femblable to the 
preceding one, but weaker. Here are, therefore, already 
four or five Images produced by the Fall of the Image on 
the Mirrour placed on the Right, and of its different go- 
ings and comings. To thefe four Images, join as many 
•jhers produced by the Fall and femblable Progrefles of the 
fame Image on the Mirrour of the Left. This is conceived 
without the Afiiftance of a Figure : You 11 have different 
Effects, or more numerous, if you change the Pofition of 
the Mirrours, or multiply their Planes : Thefe Combinati- 
ons arc without End. 74» Con* 
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74. Conceive a Tube which has a lateral 
Aperture in E, and another in I. (Fig. 15.} £J* Polem °- 
Over-againft each Aperture place a plane p ' 
Mirrour, inclined 45 Degrees, or half a right Angle on the 
Fund. The Perpendicular, which is to fall on the Surface 
of the Mirrour, will form two right Angles. The exter- 
nal Rays falling parallel at the Foot of this Perpendicular 
in E, and forming with it an Angle of 4c Degrees, will 
reflect along the Tube under fuch an Angle. They will 
renew the fame Play on the other Mirrour placed in I f 
fince it is the fame Inclination, the fame Incidence, and 
the fame Reflexion. In a Camp, or a Place befieged, 
you may ufe this Inftrument. From within a Tower, or 
behind a Parapet, put out the End E by turning the late* 
ral Aperture on the Side you want to fee in the Neigh- 
bourhood, and applying the Eye in I, you will be able to 
difcover, without Danger, whether the Miner be at the 
Sap, or the Motions ofthe Enemy. For this Reafon this 
Initrument has borrowed the Name of Polemofcope. lf % 
ftom within your Clofet, you want to fee the Motions of 
a public Place, fituated fidewife, the Aperture E, direéU 
ed towards the Merchants who are quarrelling, will fhew 
you in I Attitudes full of Warmth, and very expreffive 
Geûiculations. 

j ç • The Pofi tion of this Mirrour, inclined 
4 c Degrees on the Bottom of the Camera V** **^* 
Obfcura, portative at Pleafure, difpofes all fJ^V/V "^ 
the Rays received through the lateral Aper- 
ture, to re-afcend in aright Angle towards the Top ; fincé 
two Angles of 45 Degrees each give together ninety De- 
grees. The Rays or Pencils carry their Extremities, on: 
a Piece of Vellom braced tight, where they range them- 
felves like the Points ofthe Objects. This Infiniment ex- 
hibits Images perfectly like their Obje&s ; and by its Means' 
you learn to delineate Obje&s to the laft Accuracy and 
juftnefs, by copying Attitude^ of a great Truth. 

76. Thefe Inftruments are rendered per- 
fect, by adding to the Aperture which re- F£. 16. 
ceives the Rays, one, or feveral Tubes, which 
can be pufiied back, or drawn forward; and in one of 
them is fitted a lenticular Glafs, proper to di perfe a fu- 
perâuous Light, and fiiengthen the Pittu*e you want to 
fee, 77* Ti *« 
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. 77- The iHclmedMinx>ur,fècottded with 

String Cfaffc * 2° od LentiI ' or . a Concave Gl *&> ^w iôme 
py B ' particular Eyes, is the whole Artifice of the 
lateral Spying Glafs. It is directed always, not quite op- 
pofite to the Perfons we want to fee more diftintfly, but 
pretty far from them, and fideways ; which is lefc rude, 
than to point the Spying-Glafe quite point blank, to ftady 
the Face of Perfons. 

7?. An Engraver who copies a Draught, £nds it, in the 
Impreflion, difpofed the contrary Way. The Figure of* 
Gentleman is feen with the Sword on the Right Side, of 
the Hat under the Right Arm. But a Mirrour placed by 
the Draught, makes a firft Tranfpofitiom ; and the lia* 
preffion, which gives a fecond one to the Figure, made 
with the AMance of the Glafs, regies it to it» right 
State, 

79. Some fir ft lines traced* and presented to Mirrours, 
the Faces whereof form Angles more or lefs open, facili- 
tate the finding foon Cartridges of an agreeable Contour, 
very neat Cyphers, Cieling-pieces, and Compartments of 
Parterres, and Embroidery, which, otherwise, had neve» 
been imagined. 

80. In alVIirrour, even, but of a (mall Field» we foe the 
Obje&a, and Perfons in their natural Height. A Limner, 
who wants to imitate them*, places before its Mirroui a 
Frame divided into fo many Imali Squares of Thread, a% 
he has drawn great ones on his Canvas ;. he ©bferves care-* 
ftiHy, on what Angle, on what Line, arrives a Fingen* 
an Elbow, a Shoulder, or any other Objed ranged by its» 
Mirrour.- All the Parts of the fmatf and excellent Piojjsô 
sfornifhed by the Mirrour, are transferred in great, and kk 
the fame Order on the Canvas. The Mirromr help» there- 
fore towards the jufi Portion, and mofi delicate Proporti» 
ons of Figures. It is a fure School for teaming Situations,. 
Miniature, and Perfpeûive. 

81. Perfons who have the CryftalKne too flat, a Deleft 
which happens by Degrees, with Age, cannot fee diiUnlU 
ly but remote Obje&s; because, whea the Qbje& i* neasv 
the Rays are too diverging. They continue to be fo in 
the Eye, and. the CryibJiine docs not colleft them but be* 
yond the Bottom of the Eye. Then, the Foci o£ the l?en» 
cils are not diijjofed on- the very Éitoe» where the Motion 



Of Qpths. ; ; ; 303 

txf the Route it to he made, but wnen th* Ofejeft is re* 
moved at feme Diftançe; and a dun Lentil, capable to 
Militate the Golleâion of the Rays, and make them coo- 
cur not beyond the Eye, but pi ecifely on the Fund, is in- 
terpofed between the Bye and the Objeft. 

$2. Thofe who are near-figh ted have the ^ 
Cryftaliine too convex. When they receive ^ ve S P ec * 
at feme Diflance Ray& which are bat little 
diverging» sad are re-united by a tea convex Cryftaliine* 
in fenie Points of the vitreous Humour, the Image of that 
Focus become» neediefs : The Rays croft each other in it, 
and proceed to caufe a confefed Motion on the Bottom of 
the Eye. The Remedy for thi* Incomveniency, is to draw 
the Objeft neater $ becaufe Ray? which enter the Eye at * 
great Angle^.and very dwpsgwg* are not fo foon collect- 
ed î bu^ whet* the Object m drawn neatèr the . orbicular 
Figure of the Cryftaliine, dired the Rays into Foci, which 
farm a neat PiCture juft on the Bottqm of the Eye i Or 
elfe a Pair of concave Spectacles is placed between the Ob- 
led and the Eye, which Spectacle* difptrfe» and make the 
|Uys diverge fo as to ejrçyrcife à propos the great Convex- 
ity of, the Cryftaliine, 

! 8$. Perjaaj* Optics fervq «* aj w*U by good Advices, 
13 by good Xi%un>ent6. We approve line. Method of em* 
ploying but a moderate Ligltf in the Ufe of the Eyes. By 
Mean&of this habrtuaLPseciHmon, end taken while young, 
lèvera) Perfcn* have feen without Spectacles when they 
were very oH. Could the Ewe be like the Stomach? 
which ii hurt by a too great Plénitude, and moll com- 
monly the more it is filled the mc*a it crave* : . And, when 
ufed to it, the leail Diminution of Food makes, it ûtffer ; 
hence puny and weak Stomachs. 

&4- By means of the Principles already *.. 
cftabliihtd, yon, may conceive the Effect of 2?£32! 
à concave Spying-jglaft, and of the loupe * 

Convex on one Side, or both. Alighted Candle will 
fmit as many Pencils of Rays as it has Points», which, re* 
ceived in a too convex Cryftaliine, difpofc ttfieir Foci in 
fhe vitreous Humour, which fofflas a- confute) &t loft 
Image. To carry that Picture as far a* the Bottom of the 
Eye, the concave.Spying^glafs. B E, (fi*. *#.} is oppoftd 
lo the Rays. Let u* follow in it the Coerfeof the tw e 

Pencil» 
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Pencils CB; they wilf regulate the Fate of the others: 
The two external Strokes of the Cone proceeding from C; 
will approach the Perpendicular in the Thicknefs of the 
Glafs, and recede a little from it in the Air. They go to 
paint the Light of the Candle in the Bottom of the Eye, 
and thofe proceeding from the Foot of the CandlefHck B 
paint it on the Top of the Eye. The Figure being there 
inverted, the Object will be feen erect; which is the Law 
of Nature. But, when the Eye fees by means of Ray» 
which have been inflected, it does not direct them to their 
true radiant Points C B, but to the imaginary Points I H, 
where they feem to concur. Now the Field I H is much 
fmaller than C B : Therefore the concave Spying-glafs di- 
minimes the Image ; but this Image is neat. 

85. The Fields mutt extend the contrary 
The Loupe. Way in the Loupe AB, j (Fig. 18.) The 
Rays proceeding from the two Petala of a 
Flower F E, which you keep between the Center G and 
the Loupe, diverge on the Glafs, become there almoft pa- 
rallel, and invert the Object in the Eye, whence it follow» 
that it appears erect. It is painted in it as if the Eye wai 
naked. But as the Rays have been broken in the Glaft, 
the Eye fees the Object, by meant of the Strokes which 
affect it, as prolonged and radiant in M N, the Field 
whereof is greater than in F E. 

The fimple & ™ C ^'Jt **$' ™ {cr <f°P* 

M*crofcope. whofe Bales, and fubiidiary Implements may 
be feen in JMot, conmts t>f a Jingle Lens et 
Ferule, whofe Convexities are the Portions of a very final! 
Sphere, or rather, is but a very fmall Sphere of whké 
Glais. We have observed, that the parallel Rays, which 
enter a Sphere, concur, and form their Foci towards the 
fourth Part of the Diameter ; a very fmall Diftance with 
regard to a very final! Sphere. If, therefore, the fmall 
Object be placed in that Point, very near the Glafs, the 
Rays will fall upon it very diverging, become ftifl more 4 
diverging in the Glafs, and carry into the Eye a Cylinder 
of parallel Rays, much larger than the Object. The 
Angle of die Image formed in the Eye by the broken Rays 
will be regulated on the Breadth of the Cylinder, or Mafs 
of Rays received in the Eye. The Object therefore will 
appear much bigger than it is in Reality ; and likewhe 

appear 
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appear erect, becaufc the Eye acts here, as it does naked. 
It bends downwards the Rays proceeding from the Top of 
the Object, and upwards thofe from the Bottom, whereby 
the Image is inverted ; which is the only Means to fee it 
creel. 

. 87. The Neceffity of approaching a very imall Object- 
near this Glafs, fitted to a pretty thick Bafe, brings the 
Object exactly under the Shadow,, and hinders the Image 
from being eafily feen. Let us lay afide all the imperfect 
Means ufed till now to remedy this Inconveniency, and 
come immediately to what has been found moft eafy and 
efficacious, to have a Light fully reflected on the fmall 
Object : It is the Microfcope of M. Libsrkbun, a learned 
Pruffian, who had the Complaifance to communicate it 
to us, and fhew us the Structure thereof. 

A wooden broad and flat Pedeftal, an S or The Micro . ' 
Silver Sconce, with a Screw, to be taken to f copc Wlt ^ a " » 
Pieces and laid flat, with the Pedeftal, in perforated 
the Pocket ; a Pillar, and Ettle Tongs, are Mirrom. F#. 
the whole Support of this Microfcope, which *9* 
has nothing extraordinary. Two very fmall 
Funnels of Brafs or Silver, which have each, at the Ver- 
tex or Top, an Aperture finaller than the Body of the 

§ lobular Glafs to be fitted to it; a concave Mirrour of 
ilver, in the Form of a Chalot, of an Inch or lefs Dia-> 
meter, well poliihed Infide, and perforated in the Middle 
of its Concavity to receive with the Faftenings, pre-, 
pared for the Purpofe, the Nipples of the Funnels : Such 
is the Body of the Microfcope. The Object difpofed at 
a very fmall Diftance from the fpherical Glafs, and at the 
Return of the Light, does no more fhadow itfelf, but of- 
fer to the Eye a Surface well illuminated : There is a juft 
Proportion between the circular Figure of the Mirrour, 
and the Smallnefs of the Lentil, to make the Fall of the 
reflected Rays concur with the Pofition of the Object. 
But, was the Situation not quite fo perfect as it might 
be, the Light brought from all Parts, and efpecially the ; 
Top, refiliates feverai Ways on the Politure of the Mir-, 
rour, and is always abundantly enough reflected on the 
Object, to render the Image thereof as neat a& it can be 
magnified by the Bignefs o£ the Angle. 

88. By 
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The reflet B8 By coinpofing the Mkrofcope of ft." 

Micrx)fcope v ™ Glaftcs, we have iearched to magnify 

«with three ftill more the Image ; to difrrnguifh better 

GJafics. the little Animals which flutter in feveral 

Liquids ; to difcover better the nutritive Vef- 
fcls, ajid Charaâeriftks of the Parts of the vegetative or 
animal Body. We will fet afide a hundred Sorts of thefe 
Micro&opcs, to mind none but that which has three 
Glafies, with a double Reflexion. Let as begin by the 
Frogrefs of the Rays. In Fig. 20, S S is the Portion of a 
concave Mirroar placed at the Bottom of the Mkrofcope. 
The parallel" Rays R R are obliquely iefiecled in it, and 
concur in a Focus of fome Extent A B. Here the Object 
is placed. From this Point, which is very near the Cen- 
ter of the Curvature of the objective Ferule C E, the Rays 
pafs into the Ferale, come out almoft parallel, are re- 
ceived in the Fende h g, which has been kept very large 
to take them in without Lofs ; from hence they pais into 
d f, where they concur in Foci, or Points, of Pencils djf- 
pofed between them, like the Points of the Obkdt, but 
more in great. You nroft obfervé, that by the Tranfpo* 
&tùm of the Rays, this Image is inverted, From^ this 
linage, as from a real Objeft, faHy Rays to arrive oblique- 
ly in nk die third Ferule, çaHèd Gcnkrr, whence the? 
come out parallel between them, and go to paint hi the 
Eye the Image d f, whence they fallied laft. This Image 
is inverted ; that in the Eye is erect, like the real Objed, 
therefore the Objeft will appear inverted. This Defcrip- 
tion is the Skeleton of the great refleétïng Mkrofcope. 
Let us fee the Body, and Ûfe thereof. 
F{ A AAA, The Body of the Mkrofcope 

BakerU * fupported by three Brackets b b b^ on a 

Microfap* fmall Trunk or Supporter C, containing the 
made caiy» Drawer D, wherein the Ferules, and other 
Inftrnments of Ufe, are kept, 
e e The Tube which Aides into the Body of the Mkro- 
fcope j it carries in its greateft Breadth the great Ferule,, 
and goes dixninilhing towards its two Extremities. In the 
upper Part it carries the Eye-gla6, and the lower Part f 
finîmes by a Screw g, appointed to receive the Ferule, 
wherein the ObjecVglftfc is faced. The Drawer contains 
flyé of them, which magnify unequally. The Tube e e> 

afcend- 
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afcendkg and defending at Pleafure, helps toward find- 
ing the Point which fuits the Eye of the Spectator. 

L> a little fquare Brafs Head, perforated in M to receive 
the Slice-bearer N. This . Jnftruiaeat N is composed of 
three Circles, two at Reft, and one moveable* There are 
fliden horizontally into it long fliees of Ivory, fuch as 4> 
wherein the fmalJ Objects are indofed between two Leases 
of Talc of Mufccvy, very traniparent, and kept in their 
•Lodge by Means of a (mall Ring of Brafs with a Spriog» 
which Ring keeps itfelfinits Pkoe. The Slice 4, whack 
moves backward and forward at Pleafure, becomes -firm 
when let go, becaufe the moveable Circle which carries 
it, is itfelf driven againft the upper Cbcle, with the Ail» 
$£ance of a Steel Spiral. • 

O, a fmall Plate perforated with feveral Holes, to re> 
ceive feveral finali Objects, endoied a» above, between 
two Leaves of Talc. ' One of thefe Holes is ihm with a 
concave Glafs., to receive fome Drops of the Liquor, where- 
in has been macerated* either Straw, Hay. or other Things 
of that Kind» to decoy ânall Animals iato k; two others 
of Tjhefe. Apertwes are ftopt, one with a Slice fif Ivory-, to 
feeder the Colour of opake and dark Ohjcds mare app». 
rent ; the other, with a Slips of Ebony K toi facâitaie thç 
fiiftiaatfin tet^^tn cleax and opake Qo$e&*. The Nob 
in the Middle of this Plate Aides and flops in P, to become 
there a Pivot, on which the Hate tarnr, and brings the 
£4>jc& wanted on the Aperture M. - 

K, acoiicaveMirronrtnrningonthe twoTroniiionsSSy 
In the Semi-circle R> whkh tnriis, itfelf on the Pivot ç, 
JJy mean» of thefe free Motion*, the Réflexion of the Ltghty 
or Sky, or.Cançfe, is thrown on the traaipareat Objed 
feed in M. This firft Reflexion can farce, by Daylight 
and Caadie-Ught. 
• V* aLentuconvexononeSide, and plane on the ©t&erv 
to throw from fome Di&anoe the light of a Candle, and 
coiled it in a quick Focus on the opaice Object placed in M. 
This Lentil, or Spherule* .plays, like the concave Lens or 
Mirrour, and inferts its lower JPivox iato the Aperture W* 
thfeReflexioois th* fecond, and- of very little ufe by Pay- 
light. • --.J • '* : ! 

X. a hoUow.Coaeoi Hade Wood, t® he placed under 
<h« Apertnse M> when Spherules^ which magnify muchi, 
c * are 
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are uied. We learn from Experience, that the Image &f 
a tranfparent Object becomes more diftinct by difperfing 
the Rays brought obliquely by the Lens, when thole Rays 
do not concur towards the Formation of the Image. 

Y, is a bent Plate, whereon is fattened a finaH Fifh, as 
a Gudgeon, Smelt, t$c. whofe Tail being transparent, is 
placed on an Aperture over againft M, whereby the Circu- 
lation of the Blood is fee». We can» with the fame In- 
tention, introduce the Foot of a Frog, or of a Lizard, or 
a ûnall Eel alive, into the Tube I, and Aide it under the 
Aperture M. The Circulation appears, here, much m?re 
rapid than Nature ; the Object appearing bigger than Na- 
ture. If the Space occupied by the Object appears a hun- 
dred Times bigger, the JBlood which traverses that Space 
muft appear to ran a hundred Times fwifter. 

2 . Is a Lodge which carries either a plano-concave G lafs>, 
or any other, as Occaiion, or the Tafte of the Spectator 
requires it. This Lodge is placed on the Aperture M ; 
and the Object on the Concave, which diffipates thofe of 
the reflected Ràys which might be fuperâuous. 

3. A Needle pointed at one End, and armed at the other 
with Tongs, which open when prefled, and (hut when let 
-go. It lies in Z, and prefents the Object in M. 

' 5. An Ivory Box* containing a Provihon of Leaves of 
Talc. 

b, A Brum. 7. Other Tongs. 

Though this Microfcope, which is of M. Edward Scar± 
let y and I have made Ufc of during feveral Years, be very 
good ; I muft confefs, that the great Microfcope of M. 
George ■, Optician at Paris, fuch as that he has made for 
M. Duhamel, of the Academy of Sciences, is much fupe^ 
rior to what comes from England, either for the Beauty of 
the Effects, or for the Freedom of the Situations which 
multiply the Effects. Th's Microfcope is, particularly, 
the moft ufeful for tranfparent Objects. It is very good 
for the opake, with the AlMance of the fécond Reflexion. 
But to ftudy eafily the laft, we return always with Pleafme 
to theconcave Lens of M. Likevkkm. 
Aftroncnical 8 * The. Af^omical Teiefcope, and that 

Tclcfcope. P ut double at the Graphometer, has but two 

( Glanes. By receiving the Rays of diftant 

Objects, it modifies them as if they were parallel; they 
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jo, therefore, to meet^ in their refpe&ive Foci, and are 
difjpofed among them fike the Points of the Object, fome* 
where between the two Glaffes. The Diftance of the Fo- 
cus is the greater, as the Carvature of the Object Glafs 
makes Part of a greater Sphere. The Image bçing invert- 
ed at the Focus, is erect in the Eye. The Object, there- 
fore, appears inverted. The Neatnefs of the Image, and 
Whiteneis of the Light, makes us not mind this Inconve- 
niency in Aftronomy, where it lignifies little whether a 
round Planet, is feen erect or inverted. Neither is the 
fame Inconvenkncy troublefome in the Meafores taken on 
the Ground, where we want, only, a fixed Point in the 
Image erect or inverted. It is al(o confidered as nothing 
in the compofed Microfcope, where nothing elfe is mind* 
ed but- the viewing a very fmall Object, whofe Situation 
is indifferent. ' But it happens otherwife in the Land Te- 
lefcope, which taking in a pretty large Field, and a Num- 
ber of Figures grouped as in a Picture on a common 
Ground, muft repreient them in their natural Form, and 
in a Situation eafy to be known. 

90. The Land Telefcope confias of four 

Glaffes, Its Figure alone will ihew you the Ttflfc». 
ProgrerTes of the Rays in it, and the Inver- ■ * 

fion of the laft Image in the Eye, which is the true Erec- 
tion thereof. 

The Conflru&ion of this Infiniment conflits in feveral 
Tubes of Paft- board, Hiding within one another, uhlefs it 
be made all of a Piece. The flrft Tube contains two others* 
which are not drawn when the Spying Glafs is ufed. Of 
thefe two Tubes, one, which is very little, carries thé 
Eye-glafs; the other longer, carries, befides, two other 
Glaffes, called Eye-glaffes alfo, or fécond and third Glafs. 
The laft of the great Tubes carries the great Giafs called 
Object glafs. The fmall Circles or Diaphragms placed in 
the Intervals of the GlafTes, which are their common Fo- 
cus in the Infide of the Tubes, ferve to abforb the Ray 
which might dim the Image. 

91. Thefe Telefcopes have thTee great Inconveniences. 
I . The Multiplication of the GlafTes renders the Light 
dim, by the Lofs of the Rays which refleft on the four 
Glaffes. z. The Rays varioufly coloured in the Light 

itielf, 
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itfelf, as t heretofore explained it to you*, are unequally 
broken, especially in Proportion as they become oblique ; 
which is the Occafion that the Edges of the Images are 
dimmed by Rain- bows or Franges variously coloured, j* 
The Length, was. it but of fix or eight Feet* renders the? 
Diipofition thereof difficult. They are folded on the 
Length, and you lofe the Objeft. Their Supporters* aixt 
Movings from Place to Placé, are cumberfome,- Here is 
a fmall and light Telefcope* eafily managed, and which, 
if only fifteen or fixteen Inches long, is equivalent to one 
of eight Feet ; and to another of eighteen Feet, if it has 
but two Ifeet and a half. This Teleicope was invented 
very near a hundred Years fince by a Scotch Optician f t 
who had it engraved and publifhed in 1663. It has bee.n 
improved iince, and is found the beft for common Ufe* 
efpecially after the different Degrees of Exa£lneis and Fa- 
cility,, the Artifts of London and Parh % bya Motiye of 
Emulation, have added to it» We have; all its Dimenfi* 
ons in a very good Treatife of M. Paffemant.on the Con- 
ftruction of this Tefefcope* and on the Manner of grind* 
ing the Glafles and Mirrours* This fkilful AmftTeavet 
us Room to hope for new Productions of his Induftry. . 

A Telefcope witha perforated Glals. Yon 
Fig* 23. find at firil Sight, that it confifts of feveral 

, Pieces eafily diftinguifhed» 1 . . Of a very 

fimple and commodius Pedeflal, and which can be taken 
to Pieces, z. Of a Knee which helps towards moving the 
Telefcope all manner of Ways, 3., Of Screws ; fome of 
which ftrengthen the Knee,, and the others fatten the Te- 
lefcope to its Pedeftal. -4. A Brafs Tube covered with 
Shagreen, thirteen Inches long, and two broad, or a little 
more, Infide. 5, Another little Brafs Tube, three Inches 
Jong* and hafted with the long one. 6. A Steel Rod ter- 
minated by a Nob towards the una0 Tube, and leaning 
along the great one. 

- The Uie of the Pedeftal is obvious. The fmall Tube 

ha* but one- Aperture of a quarter of a Line, to apply the 

. Eye to it. The outward Extremity of die great is all open 

* Voh.IV. Firft Part, Dialogue ix. 
f Optica promota Jacobi Gregori. 

to 
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%o receive the Parallel Rays which come from diftant Ob- 
jects. Thefe Rays fall to the Bottom of the great Tube 
where they find a concave Glafs perforated in the Middle 
of an Aperture of fix Lines. This Glafs receiving the 
parallel Rays on its Coricavity, fends them back obliquely 
and eellect them again in a Focus nine Inches diilant, 
where they crofs each other> and go, in diverging, to fal\ 
$n the Concavity of another Glafs, of eight Lines Diame-i 
ter, and eighteen of Focus. They find the poliflhed Sur- 
face of this Glafs in the Middle of the large Tube at eight-. 
eea Lines Diftance from the preceding Focus, and eight- 
een Inches and a half, or thereabout, from the perforated. 
Glafi whkh the fmall one faces. The fmàll one is fup- 
ported, in the Vacuity of the great Tube on a Curfor o.r; 
Arm which plays on the Outfide, by Means of a Female 
and Male Screw which terminates the Iron Rod. The 
Spectator turns the Knob which Way he pleafes, and make» 
the Curfor with its fmall Glafs go backward or forward, 
according ta the Diftance of the Objects, or the Diipoiitioa 
of his Eye. The Rays, after they have eroded one ano- 
ther at the common Focus of the two GlafTes, and fallen, 
obliquely on the Cavity, refiliate on Lines very near pa- 
taltel, which direct them towards the Aperture of the great; 
Glaft. • They crofe this great Glafs, and meet under a, 
light Obliquity at the Entrance of the fécond Tube, a firft 
Glafs piano convex, which collects them, and forms of 
them a fécond Image towards the Middle of the Tube, 
and on this fide its proper Focus. The Darknefs of the 
Sides of the Tubes, and a Diaphragm placed towards the? 
Combination of the Pencils, make an End of clearing the 
Picture thereof; and as it erects the preceding one, the, 
Rays, darted from it as from the Object itfelf, will go. 
through, a fécond Glaft in the Form of a Lunula, to reach, 
the Aperture of four Lines, and form in the Eye an invert- 
ed Picture ; whence it happens that the Objects appear 
erect, and in. their natural Pofition. The parallel Rays, 
darted from, the Lunula will exhibit the Object as fituated 
in. the Place whence they feem to have fallied,. /".. e. to^ 
wards the neighbouring Diaphragm. Thus very diflant 
Objects appear extremely approximated. 

This Teiefcopo ha» eccafioned that of Newton, which is 
pofterior, and is a Copy of it, with few Alterations. Like 

the 
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the former, it receives the Light through a large ^Aperture 
on a great Glafs which lines the oppofite Fund : Like the 
former, it throws it back on another Glafs. But the Glafs 
which terminates the Tube is not perforated, and the fmall 
Glafs, inftead of facing the preceding one, looks on it 
with an Inclination of 45 Degrees; which brings the 
Light back almoft at a right Angle, and at one of the Sides 
of the Tube where the Eye imagines to fee before it the 
Objecls which are fideways. 

This Telefcope renders the Image very clear, and is of 
a very fine Invention : But the Multiplicity of its Pieces, 
which I omit mentioning here, joined to die Difficulty of 
feizing the Object which muft be fearched fideways* in 
groping along, has rendered the Ufe thereof very little 
common, and its Defcription very little neceiTary. 

The great Number of Artifts continually 
The Perfpec- employed in Painting, or Delineating, are al- 
ve# £o indebted to Optics for the Rules of Per- 

fpeûive, fo proper by their Simplicity and Certainty to 
help the Genius, and give to the different Parts of a Whole 
the refpective Situations they have in Nature. They fear 
nothing fo much as to mifs the fine Nature : They have it 
always before their Eyes* But thefe (kilful Copyifts do not 
place a Point, but Perfpe&ive puts in their Hands a Line 
which carries infallibly that Point to its proper Place. 

We will not carry to a greater Length this 
Conclufion. Summary of the ufual Sciences, fince it fuf- 

fices to render evident the Deftination -and 
right Ufe of the Intelligence Man has received from God. 
His Knowledge is viiibly that of a Governor who pre fides 
or commands, of a Tenant that reaps, of a Matter who dif- 
pofes of all. But the Structure of the World, and of all 
its Parts, the Knowledge of God's Defigns, and Will, is 
the Science of the Creator : He has refervedit to himfelf. 
Keafon, with regard to this, is in the Dark : It knows no 
more the Beings in themfelves, than the Brain where it 
lodges ; and what he is permitted to know of the free 
Works of God's Will, he mud receive it from his munifi- 
cent Hands. 

End of the Fifth Volume. 
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PLATE VI. 

Mills to grind Corn. 
FIG. LA Water Mill. 

' A The Plane of the Wheel. 

B The Arbor. 

CCC The Ladles of the Wheels, Boards placed on 
their Thicknefs, and tranfverfly to the Circumference of 
the Wheel, to receive the Impuliion of the Water oa 
their Surface. 

D The Flood Gates, Wooden Gates raifed to let the 
Water pafs, and lowered to ftop it. The Flood Gate is 
flopped at any Point, by the Infertion of a Peg; 
1 E The Water ftopt at a convenient Height to gain, 
by its Fall into the Bafon or Channel F, a ftronger Im- 
pulfion againft the lower Ladles it meets with, and which 

* it 
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it drives with the Radius which muffles the Arbor or 

Axle-tree. Play. 

a The Profile of the fame Wheel, w!th its Ladles. It 
has about fixteen Feet Diameter, reckoning as far as to 
half the Ladles. 

b The Arbor, about eighteen Feet long, and eighteen 
Inches Diameter, c c c c The Ladles. 

dd The Pinions which fupport the Arbor; they have 
one Inch and a half Diameter. 

e The Cog-wheel, which has four Feet of Radius, 
and forty eight Pins implanted perpendicularly to the 
Plane of its Circumference, to catch the Spindles of the 
hinder Head. 

/The Trundle Head about a Fppt and a half Dia- 
meter, compofed of two round Plates, one at Top, and 
the other at Bottom, with nine Spindles which form its 
Circumference. It is traverfed by the Iron Axis g, which 
raifes its Point on the Piece of Wood h, and fupports the 
fuperior Mill Stone. This Piece of Support is called the 
Yard. 

i The Drain where the Mill Stones are inclofed. 

Water Mills .are either fixed and fituated on the Current 
of Water, or moveable and placed on Boats. Thefe have 
the Wheel directly oppofite to the Stream, or moft rapid 
Current of the Water. To drive thpfe which are fixed, 
the Water is flopped to make it fall afterwards under the 
Ladles into a deep and narrow Channel, that, being con- 
tracted and accelerated in its Fall, it may lay its whole 
Strength on the Ladles. When the Current is weak, the 
Water is let fall, not on the lower, but on the. upper 
Parts of the Wheel, which in that Cafe is lefs, and car- 
ries, in its Circumference, not Ladles, but Troughs, or 
fmall Sinks, the latter to receive the Action and Weight 
joî the Water, the Strength of that Water increafes ac- 
cording to its Rapidity, and its Rapidity according to the 
Square of the_ Spaces oyer- run. If the Water ftrikes the 
Trough but at two Feet below the Mouth of the Channel, 
thro* which.it flows, the Square of two being four, it has, 
in falling into the Trough, four Times more Strength, 
than at a Foot below its Sally*. 

* Sec Nature Diftla/J, Vol. IV. Second Part. Dial. VII. 

The 
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The Mill with Ladles executed at Fere in Picardy* under 
the Direction of M. Belider> ground in twenty-four Hours 
1 340 Bufliels of Corn> 

FIG. II. A Wind Mill, without any Proportion ob- 
fcrved in its Pieces. It is a firft Draught, which will be 
cleared in the Sequel. ABCD The Sweeps. E The 
Cog wheeL /The Trundle Head, g The Axis. H The 
Yard. I The upper. Mill Stone, fufpended in Equilibrio 
to the Iron Axis. K The unmoveable Mill Stone. 

FIG. IIL A Hand Mill. 

A A long Lever for the Motor to lay hold on. The 
Motor may be either one or feveral Men, or a Horfe, or 
an Ox, lac. The Lever can be double or Quadruple, fo 
as to receive feveral Horfes to drive feveral Mills at once. 
B The Cog-wheel, placed horizontally, with its Pins im- 
planted, not on its Plane, but on the Outfide, and at the 
Circumference of the Joints. C The Trundle Heads. D 
The Yard. E The Iron Axis. F The Drum where the 
Mill Stones are inclofed. 

FIG. IV. A Se&ion of a Mill Hopper, and of the 
Drum which covers the Mill Stones. 

A The Mill Hopper, wherein the Corn is thrown, 
B. The Spout of the Mill Hopper, which is a fmall 
Trough bowed to receive the Corn which fly through 
the lower Orifice of the Mill Hopper, and convey it into 
the Aperture of the "upper Mill Stone. C The Iron 
Axis, which being fqaare at the Meeting of the Spouts, 
cannot make a Revolution without ftriking with its four 
Corners againft the Spout, which gives Way to the Paffage 
of each Angle, and falls again four Times on as many 
flat Surfaces which are between the Corners of the Bar, 
Thofe fmall Jerks make the Corn of the Spout to flip 
between the Mill Stones, and fucceflively that of the^ 
Bottom of the Mill Hopper to run out, being no longer 
kept up, D The moveable " Mill Stone. E The un- 
moveable or fixed Mill Stone. F The Yard, the Trundle 
Head, the Iron Axis, and upper Mill Stone, are fattened 
together, and march in Company ; the Axis traverfes thé 
lower Mill Stone, and plays freely in it. There is a 
fmall Diftance between the two Mill Stones, they do not 
touch one another ; and to render the Revolution of the 
P z upper 
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that it was yet in a Mafs with the Bran ; the Cora being 
very little more than fplit. 

PLATE VII. 

FIG. I. A Wind Mill, with its Sweeps and Sails, de- 
\*\ i-ated by M. Lcander. 

i'iG. H. Plan of the Fowdjixion, a*d of the firft Story, 
with the Stairs and the Handle. 

FIG. III. Plan of the fecoad S*>*y, which bears .the 
Mill bt^nesand Hopper. 

FIG. IV. Plan of the third Story* where the Axis of 
the Sweeps or Yarda, and. Cog-wheel, are placed. 

PLATE VIII 

FIG. I. The Infide of a Wind Mill, feen in Front. 

FIG. II. The Infide of a Wind Mill feen fideways. 

In both thefe Figures are diftinguimed the three 
Stories : Under the fir ft is a large Stand or Foot, which, 
by means of the Saddles, Faftenings, and flpping Sup» 
ports which keep ît.uo, bears the whole. Mill. It turn 
occafionally round this Stand to puefent the Vanes oc 
Flights to the Wind, according to the Site it tyws* 
The Handle of the Milt with its Ladder, being paftei 
by a Man, or drawn by means of a Windlafs or Am 
in peritocbio, fuiEces to put the Arbor of the Sweeps in 
the Direction of the Wind. 

In the firft. Story, towards a third, of. the Tim&er 
Work, on the Side of the Sweeps is. feea the Fattening 
. cr Pin, which bears the whole, protracted to the fèçonç 
Story. Between that Piece of Support, and the fore 
Part, is feen the Trough placed under the Mill Stones t» 
receive the Meal. 

In the fécond is the D*um for the Mill Stones» the 
Hopper, and the Trundle Head, at the Bottom of the 
Cog-wheel. 

In the third is the Arbor or Axis of the Sweeps, the 
Cog-wheel, the Ring or Hood which embraiTes the Cog- 
wheel, to let it looie or ftop it, and an Engine to draw 
the Corn, which receives its Motion from the Cog-wheel. 

The 
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The Beauty of this Machine copfifts, i. The Beamy of 
in the perfeft Equilibrium of the Mafs of the Invention, 
the Mill, which is fupriérted and plays on the Air on a 
fingle Pivot. 2. In the Difpofition of the Sweeps to re- 
ceive the Wind. 3. In the Proportion of the moving 
Force, with the Refiftance of the Mill Stones and Fric- 
tions. 

To make the Timber Work turn round . 

its Pivot in a perfea EqmUbrium the Faf- ™fc^£ 
tening is not placed m the Middle. The Work, 
large Lever of the Sweeps, and Weight 
of the Mill Stones, would bring the whole Machine for- 
wards, but the Pin of Support is much more forwards than 
backwards, to make the back Part counterpoife the fore 
Part. The Detail of the Pieces of the Timber Work is 
very well treated of in the Càrpentery of Joujfc, revifed 
by M. de la Hire. 

The Freedom* of the Flight of the Sweeps orVaney, de- 
pends 00 the kœlina#on of the Axis to the Horizon, aaè 
of the Inciittàtion of the Surface of the Vanes to their 
Avm. 

Moll Winds, raflead ©f rolling on * Tfa6 j^ofitToi* 
i,«te partiel? fo the Horifcon, make one ©fthc Vaaes. 
Angle with the Horizon. When the 
Wkaïitf * lktie ftefty if yot* expofe vow Hand perpendi- 
cularly open to- ky the Jmpreffion of the Wind is not near 
fo- ftrong as k cobM be. .&i*t if you bend your Hand back,, 
continuing to keep it quite open, you will feel a ftroriger 
Impdécm; r becaufëy then, the înÙée of the Hand is ex- 
aâfy ©ppo&e to the, Direflicm of the Wind. Such is thô 
Reatoi* of the PoStion of the Vaoe$, Phtte viii. Fig. H. 
The Axis being inclined on the Floor of the third Story;* 
U fbuad in« the Diréétiott' of the Windy and oppofite tW 
Surface of the Vanes to tfcalf Direction. 

But it does not tofKce that the Axis which carries the 
Varies be inclined ttf thé Horizon ; the Surface of ther 
Vanes, befides, irifté&d of making a- right Angle tfith the» 
Axis, is eighteen Degrees disant from it, on one Part,- andt 
forms, on the odier, an Angle of 72 Degrees with the? 
Axis, Workmen, do riot? follow any g£ea* Uniformity in 
th'efe Meafures : But fettiog apart the Profita or A<Jvan- 
P 4 ta £ es 
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tages more or lefs, let us fearch in a few Words the Rca- 
fon of this Obliquity. 

If the Wind fhould blow direéUy on Vanes of a flat Sur- 
face, and oppofite, at right Angles to its Direaion,it 
could by no Means drive the Vanes ; becaufe its A&ion 
driving one Vane, would be defcribed by a lefs A&ion 
carried en the oppofite Vane. There is the fame Incon- 
venience on the Part of the two Portions of the fame Vane, 
which will force the Wind along each Arm. The Wind 
drives equally to the right and left. What it fhould gain 
in making the Vane bend towards the left, it would lofe 
in making it bend as much on the right. What it could 
obtain in finding an uniform Refiftance in the whole Ex- 
tent of the four Vanes, would be to drive the Mill about. 
Let us incline thefe Vanes of a few Degrees ; but let 
that Inclination, which I fuppofe on one Vane, of eigh- 
teen Degrees one way, and of feventy-two Degrees on the. 
other, with regard to the Axis, be continued the fame on 
the oppofite Vane : And on either Side face the Ground. 
Then the Wind happening to glide on one Vane will drive 
it, and difpofe.it to afcend : It does the fame on the oppo- 
fite Vane : Now one of them cannot afcend while the op- 
pofite Vane flrives to afcend likewife. One Action de- 
ftroys the other; and nothing moves. 

But if the two oppofite Vanes are parallel to the Hori- 
zon, one averts its Surface of few Degrees from the right 
Angle, in facing downwards, and the others in facing up- 
wards; the Wind ftriking againft the Surface which in- 
clines downwards, will make it afcend ; and gliding, in 
the fame Manner, on the Surface of the oppofite Vane, 
which it finds inclined contrary ways, it will difpofe it to 
deicend. One A&ion helps the other. If two Levers begin 
to fhakethe Mill Stones, four difpofed with the fame Pre- 
cautions will produce a double Effect. 

Such is the fimple Artifice of the Motion of the Mill 
Stones, of the Equilibrium of the Timber Work, and oF 
the Flight of the Vanes. As to the juft Quantity of Forces 
and Refinances, either in Water Mills or Wind Mills, it 
is a Matter difputed among Engineers ; but we have no- 
thing more learned ou that Subject, but what bath been 
written by MefT. Mariotte and Belidor. 
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PLATE IX. and X. 

t. 

A Mill on Boats, delineated by M. Leander^ 
after the Mills of Paris. 

FIG, I. A The Plan of a Water Mill. 

C The Bottom of the Boat. 

I The Flyers turning. 

K The great Arbor, or Axis. 

L The Canting- wheel. 

M The large Truddle Head, fattened to the fmall Ar- 
bor, as well as the Cog-wheel. 

N The Cog-wheel. 

O The fmâll Trundle Head which guides the Mill 
Stone. 

FIG. II. B A Seftion on the Length of a Water Mill. 

C The Side of the Bottom of the Boat. 

D The watching Place. 
. E ïheRoof. 

F A. Baftard Window: 

G The Bit or fattening Piece. 

H A Potlock. 
. N The Cramp-iron, or a kind of Pivot which fupports 
the Mill Stone. 

P The fmalleft Trundle Head. 

The Cog-wheel, hiding the large Trundle Head* 
QJThe Mill Hopper. 

R The Bell. ' 

FIG. III. A An Elevation of a Mill on Boats* 

D The Potlocks. 

E The Bit, or fattening Piece. 

F The Door. 

G The Bridge. 

H The Flyers. 

FIG. IV. B A Seftion on the Breadth, 

G The Bridge. 

1 The great Arbor. 

JÇ 'The Canting-wheel. 

L The great Trundle Head. 

M The 
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M The Cog-wheel. 

N The fmall Trundle Head. 

The Coffer which contains the Mill Stones, 
P The Mill Hopper. 

QJThe Rope of the Bell. 
S A Trough for the Corn, 
T The Clapper; 
X TheTopoftheBelfrey. 
Y The Bin. 

Z A Cable to raife the Mill Stone, with its Pulley and 
Roll. 

FIG. V. C Another Se&ion on the Breadth, 

1 The great Arbor. 
K The Cog-wheel. 

M The Canting-wheel. 

N The fmall Trundle Head. 

O Manner of repairing or beating again the Mill Stone. 

All the Pieces which compofe the Mechanifm of a Mill 
are rouad in the Elevation and Sedions of a Mill on 
Boats feen different Ways ; which Piece* can be known, at 
prefent, without being marked f obferving, oftly, tiat 
there is here a Wheel and a Pinion more than in we o&er 
Mills. The Wheel is driven by &« Arftor, Srtd the Ar- 
bor driven by the Flyers caswfited off by «he Current. ïfcis 
Wheel is implicated into a great Pinion which drive* «he 
Cog- wheel ©n cite Trundle Head, d«%ned to drive the 
Mill Stone. 

We fee in the Section which ftew* tike hind Part of die 
Boat* tàe upp?r 3VK11 Stone rifen to be muffled This 
Work is necenary to it, from time to time, to fender it 
a little rough on its whole Surface ; it becomes fmooth 
in working, and then can only ftatfôn the Corn ; whereas 
acquiring as many Teeth, by being pricked a-new,« as it 
acquires fmall Points or Inequalities, it becomes as a large 
File, which cuts and pulverizes all it meets with But as 
by repairing the Mill Stone, the Thicknefs and Weight 
thereof is diminifhed, to reftore to it the Weight proper 
to bruife, and its juft Proportion with the moving Power, 
when it is found too much lefTened, it muft be charged with 
aCakeofPlaifter. 

The 
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The Bell feen on the Side of the Mill Hopper, in the 
Se&ion of the Length of the Boat, is fufpendedin the Air, 
where it is kept fixed, without founding, by Means of a 
finall Cord, which hangs from the Side of the Mill Hop- 
per, to the Botttom, where it is lowered and kept fteady 
by the Weight of the Corn, while there remains any con- 
fiderable Quantity of it ; but when it is almoft all run out, 
the Cord being no longer flopped gets loofe, and reflores 
the Bell to its natural Situation, where it is agitated by 
the Shakings of the Spout of the Mill Hopper, fo as to ring 
or found continually, to give the Miller Notice to be rea- 
dy to fill up the MUl Hopper. If he was not attentive to 
the Signal, the upper Mill Stone, having no more Corn 
to work upon, would clofe with the fixed one, and by rub- 
bing againft it, would make Sparkles of Fire fly, which 
being foon multiplied to a considerable Quantity, would 
fct the Mill and Timber Work on Fire. 

. PLATE XI, and XII. 

A Sawing Mil, delineated by M. Leanckr at 
the Fere, and jujlified $n the Figures oj M 

Belidor. 

FIG. I. The Plan of the Cave of the MîîL 

M N The Wheel driven by a Fall of Water; it has 
Irve Feet and a Quarter of Radius ; and its Arbor fixteea 
Inches. 

O The Coç-wheel. turning on the fatoe Arbor with the 
Wheel, and inferring its. Teeth on one Fart, into die 
Spindles of the Trundle Head P ; and, on the other, into 
thofe of the Trundle Head R. The Cog-wheel has two 
Feet and a half of Radius, and thirty-two Teeth. 

P A Trundle Head, which turning.makes a broad Han- 
dle, fattened to the Iron Blade, go up and down : Which 
makes alfo the Saw go up and down. 

QJThe Handle feen perpendicularly ; its Bent is vifible 
in Fig. II. 

R Another Trundle Head, which turning with it» 
Axle-tree or Roller S, winds up a Rope, which brings 

towards 



324 Explanation of the Plates.. 

towards the Saw the Chariot on which the Piece of Wood 
to be fawed is placed. When the Wood is arrived clofe 
to the Saw, the Rope is no longer of Uie ; and there is, 
then, another Moderator which regulates the Motion of 
the Piece in Proportion as it is fawed. The two Trundle 
Heads have each eight Inches of Radius, and eight Spin-' 
dies of two Inches nine Lines Diameter. 

FIG. II. Profile of the Breadth of the Mill. 

M N The Wheel. 

P The Cog-wheel. 

P The Trundle Head which drives the Saw T. 

QJ* The Chafe, a Blade of Iron fattened at the 
Bottom, by means of an Oilet-horle to the Handle, and' 
at the Top in Y, by a Pin to the lower Entertoife of the 
Saw. The Handle, which here is marked Q^ is not 
fattened to the Arbor, but to the Trundle Head P. The 
Trundle Head, in going up and down, forces the Handle 
to make a Semi- turn upwards, and another downwards. 
This Handle plays in the Oilet-hole of the Iron Blade, 
and makes it not only go up and down, butalfo backwards 
and forwards, as it does itfelf. 

T The Saw. 

X Y The Frame which carries the Saw, and Aides ia 
going up and down into the Grooves. 

Z The Wheel which regulates the Motions of the 
Chariot ; which cannot be underftood but by the Refitt- 
ance of the following Figures. 

FIG. III. A Plan of the Mill fee* eyen with the 
Ground. 

-A B The Floor. 

ff g g Two Grooves,, into which enter the Shafts of 
the Chariot which carries the Piece to be fawed, that the 
Piece fhould not only advance with the Chariot, but alfo 
keep fteady, without reeling, or leaning on the right or 
left ; whence it happens that the Strokes of the Saw work 
always on the fame Line. 

FIG. IV. O The Cog-wheel. 

R The Trundle Head, which makes the Rope, fattened 
to the Chariot, fpin on its Roller. 

r r The Chariot carrying the Piece of Wood to. be 
fawed, 

P The 
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P Thé Trundle Head which drives the Handle, and 
the Blade fattened to the Saw. 

XY The Iron Blade eight Feet long, called the 
Chafe. 

T The Saw larger at Top than at Bottom. 
c b An Iron Rod of twenty two Inches, fattened on 
One Side with a large Pin to the upper Entertoife of the 
Saw, and on the other to a moving Lever, which goes 
up and down along with it. 

ac The moving Lever joined fquare-wife with the 
Arm^. 

g The Arm or Piece of Wood moving on an Iron Pin 
fix Inches above its Union with the Lever a c. 

de h Shaft or wooden Handle of eleven Feet fix Inches; 
which carries at its Extremity a, an Iron in the Form of 
the Foot of a Hind to enter the Teeth. 

Z The Cramp-wheel, of three Feet four Inches 
diameter, the dented Circle included, anà carrying 
584 Notches, or hooked Teeth, like thofe of a Pot- 
hanger, each four Lines broad, and two Lines and a 
half long. 

The Axis of this Wheel drives two fmall Trundle 
Heads of ten Inches diameter, and the Spindle thereof^ 
eight in Number, each of fixteen -Lines diameter, are 
inferted into the Teeth, which line the undermoft Part 
<gf the Shafts of the Chariot. If the Cramp-wheel ad- 
vances, the Chariot mutt advance, and the Piece of Wood 
Kkewife. If the Wheel Z flops, the Piece of Wood 
flops alfo. 

Before we explain the Motion of all thefe Pieces, we 
xnuft obferve that, at prefent, inftead of the moving 
Arm g, they employ an Axle-tree of fix Inches Radius, 
turning on two Trunnions. To that Axle-tree is fattened 
the Lever ac; fo that if the Lever goes up or down, the 
Axle-tree rolls likewife. The Handle e d is fattened at 
the Bottom of this Axle-tree with a Hinge : If therefore 
the Axle-tree turns in afcehding with its Lever, it brings 
the Hinge d towards e : The Handle mutt protract itfelf 
at that Inftanf, and drive a Tooth of the Cramp- wheel 
Z. If the Arm or Axle-tree, driven back by the Fall 
of the Lever c, brings down the Hinge, the Handle d e 

makes 
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makes an Elbow with that Hinge, and grows fhôrter. 
The hind Foot e therefore muft fall back beyond ano- 
ther Tooth of the Cramp wheel. A Clapper fuffers the 
Wheel Z to turn one way, but catches or feizes the 
Notches thereof in fuch a manner as to hinder it from 
turning another way. We may eaiily underhand the 
Communication of the Motion and its Effect. 

After the Rope, by fpinning on the Axis of the Trundle 
Head R, has brought the Chariot and piece of Wood 
as far as near the Saw, the Trundle Head P is let loofe 
to the Cog wheel, which makes the Handle and the Chafe 
QJf go up and down. That Blade cannot go up with- 
out making the Saw go up. The Saw, in afcending, 
with the other Blade b y lifts up the Lever a *, which con- 
sequently draws the Hinge d on the fame Side. There- 
fore .the Handle muft protradl itfelf towards e, and drive 
farther a Notch of the Cramp- wheel Z. This Cramp- 
wheel in turning with its Axis drives the Trundle Heads, 
which inferting their Spindles into the Teeth of the 
Shafts of the Chariot carry off fome of them, and make 
the Piece of Wood to come a little forwards. The Mo- 
tion we fpeak of is that whereby the Saw afcends : and 
as it is larger at the Top than at the Bottom, it leaves, at 
that Inftant, an empty Space between itfelf, and the 
Piece of Wood it has bit. The Wood advances without 
any Obilacles, and receives a new Stroke in the Fall of 
the Saw, which here, works only in going down, as in 
the Hands of Sawyers in length. The Saw muft go 
down, becaufe the Handle which has raifed it falls at 
that Inftant, and brings back the Chafe, Saw, the Iron 
Rod b, and the Lever a c. The Wheel Z is at that 
Time without Motion, and communicates none to the 
Chariot. It is during that Reft of the Piece of Wood, 
that the Stroke of the Saw is given, and as the Saw is 
larger at the Top than at the Bottom, it leans on the 
Length of the Wood, which is alfo an ingenious Imita- 
tion of the Sawyers of Planks, who bring back the Saw, 
not to the perpendicular, but obliquely or floping, be- 
caufe the Fibres of the Wood are not eafily cut, when 
the Cut is tranfverfal, whereas they obey when it is 
oblique ; and as the Arms of the Sawyers move back- 
wards 
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wards and forwards occafionally, to give the Saw a* 
prpper Inclination on the Fibres of the Wood, thus the 
upper Iron Rod and the Chafe obey the Motion of the 
Lever and Handle, ,fo as to form with the Saw the 
Angles and Inflexions neceffary to make the Grooves 
move backwards and forwards. The fame Play begins 
ajjain. The Shafts always drawn along in their Grooves. 
f f S £> by tne Trundle Heads of the Wheel Z continue 
to bring the Piece of Wood under the Saw, till a Band 
of Iron fattened to the Extremity of the Piece of Wood, 
meets with a Trigger which draws out the Pin which 
had been applied to the Flood Gate to keep^ it up, and 
let the Water run. The Flood Gate falls, the. Water 
flops, and alj the Machine is without Motion. 

A Saw Mill will cleave in two a Joift of a moderate 
Thicknefs, in one Hour's Time, which two ftrong Saw- 
yers would fcarce be able to do in four or five. 

PLATES XIII, and XIV. 
A Powder-Mill delineated by M. Leander, 

Gunpowder is compoièd of Salt-Petre, Sulphur, and 
Charcoal. The Sulphur muft be well purified. Salt- 
Petre is a Salt extracted by different Liminations from 
feveral Sorts of broken Stones, Pieces of old and dry 
Piailler, or Rubbifh of old Buildings, efpecially Cellars, 
and generally all Earths which have been long in Sheep 
Folds, Stables, Pigeon Houfes, and other Places where 
are gathered, either by a regular Courfè or Tranlpiration, 
the Drainings of Dunghills, Manufactures, Urines, and 
all Salts proceeding from Animals. Thefe three Matters 
pulverized feparately are incorporated afterwards into 
one Mafs of a fixed Weight, whereof the Salt-Petre makes 
three Quarters, the Sulphur half a Quarter, and the 
Charcoal the other half Quarter. The Sulphur ferves 
to inflame the Whole. The Charcoal hinders its too 
fudden Extinction. The Salt-Petre makes its Strength, 
by the great Dilation it receives from the Fire, and 
Hajdnefs of the Parts it moots. What we can difcover 

in 
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in the terrible A&ion of Gun-powder is extremely con- 
fined, tho' we have learned by feveral Experiments to 
make . it and manage it. The Ingredients, which enter 
its Compofition, are harmlefs, while they remain feparate ; , 

and it could be wifhed, for the Repofe of Sailors, and i * 

thofe who have Gun-powder in their Neighbourhood, 
that all thofe Matters could be exported, or kept fepa- 
rate, till a prefent Occafion mould require to join them 
together. This would be an important Service to So- 
ciety : I afk it of them who want nothing elfe for the 
Formation of the World but Matter and Motion. But I 

till they be pleafed to favour us with it, we will continue 
to make the Incorporation of the three Matters Gun- -j 

powder is compofed of, in the Mortars of the Mill with I 

the Affiftance of the Peftles and Sprinkling. - The Mortar 
is a Piece of*Wopd made, to receive twenty Pounds of ; 

Pafte of the Compofition* abovementioned. There are } 

twenty four Mortars in each Mill ; where are made, at 
once, and in one Day, four hundred and eighty Pounds 
of Gun powder, by fprinkling each Mortar with two 
Pounds of Water, taking care to repeat the Sprinkling, 
from time to time, left the Matter mould take Fire. 
The Pafte having been pounded during three Hours fuc- 
cefiively, it paffes from one Mortar into another. The 
Mortar is pierced at Bottom, and flopped with a Cork 
or Piece of Wood in the Form of a Cone, to receive the 
Strokes of the Peftles, and refervcthe Mortar. The 
Peftle is a Piece of Wood ten Feet high, and four Inches 
and a half broad, armed at Bottom with a round Piece 
of Metal. The Peftle weighs fixty five Pounds, The 
Infpeftion of the Pieces will*nake us conceive the Effec\ 
thereof, 

FIG. I. The Plan of the Wheel and Trundle Heads, 

A The Wheel driven by a Fall of Water. 

B The Arbor of the Wheel. # ^ . 

CD Two Trundle Heads, each turning with their 
proper Arbor. 

E The Cog-wheel, driven by the Arbor of the great j 

Wheel, and inferting its Teeth between the Spindles 
of the Trundle Heads, which makes one of them turn ' 

one way, and the other another Way. 

FIG* 
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FIG. II. The Profile of the Wheel and Cog-wheel. 

A The Wheel. 

B b The Arbor of the great Wheel. It places one 
Trunnion in b> and the other in B. 

C The Ajborof the Trundle Head C feen beyond the 
Cog-wheel. 

E The Cog-wheel, from before which the' Trundle 
Head D has been taken off here* 

F The Peftles. 

G The Tails of the Peftles ; which are two Pieces 
of Wood, pierced with as many Holes as there are Peftles,. 
to keep them even in the fame Row, while they go up 
aivd down. 

H The Ou tfide of the Mortars. 
[ FIG. III. The Plan of the whole Machine. 

I A The Wheel. 

( B The Arbor. 

C D The Two Trundle Heads, each with its proper 
Arbor, called here Can ting- wheel. The Axis which 
makes the Trundle Head turn is called Canting-wheel, 
being environed with twelve fmall Pieces of Wood jutting 
out ; thefe Pieces are called Lifts, becaufe they are de- 

Iiigned to raife the Peftles, they catch them by the meet- 
ing of another Piece of Wood fattened laterally to each: 
Peftle. Thefe Faftenings are called Stays. 

j E The Cog-wheel. 

v G The Tails of the Peftles. 

H The Bottom of the Mortars. 

! If Water be given to the Wheel, the Cog-wheel muft. 

march and drive contrary Ways the two Trundle Heads 
and their Can ting- wheels. Each Lift turning with the. 

I Can ting- wheel, meets at its Return with the Stay of a. 

Peftle, and lets it fall into its Mortar. Thefe twelve 
Lifts are difpofed in fuch a Manner that there is always* 
four of them up, and four Peftles unequally ready to fall. 
There is but one of them that falls at a time. From, 
that Difpofition of the Peftles depends the Equality of 
the Trituration of the Peftle. Which fucceeds ftill: 

; „ better, by making it pafs through the twenty foux. 
Mortars at regular Times, . 



